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^© Non-peptide renin inhibitors. 
00 _ 

(ST) a renin inhibiting compound Of the formula: 

CO 



a, 



Xerox Copy Centre 



\ 
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R3 is. " " " 

(I) loweralkyl, 

(II) haloalkyl, 

(III) loweralkenyl. 

5 (IV) cycloalkylalkyl, 

(V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyaikyl, 

(VIII) (alkoxyalkoxy)alkyl, 
w (IX) hydroxyalkyl, 

(X) -<CH 2 ) ee NHR, 2 

^ wherein . _ .. t . . . . . . . _ : 

1 ) ee is 1 to 3 and 

2) R, 2 is 

~Ts i ) T hy drogerT "~ ~ -"~ - - — — — - — - - 

ii) loweralkyl or' 
iti) an N-protecting group; 
(X!) arylalkyl or 
(XII) (heterocyclic)alkyl. 
20 T is a mimic of the Leu-Val cleavage site of angiotensinogen. 

The term "mimic of the Leu-Val cleavage site of angiotensinogen" as used herein includes 

'?* 

25 




NH' 

OH 



30 



35 



wherein R* is 

(I) loweralkyl, 

(II) cycloalkylalkyl 

(III) cycloalkenylalkyl or 
(III) arylalkyl; and 

D is 



(I) 



40 



wherein R7 3 is loweralkyl, 

45 




(ID 




50 M ^ - E 



Q 



wherein 
55 1) M is 

i) 0. 

ii) S or 
tii) NH; 



6 
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In accordance with the present invention; there are renin inhibiting compounds of the formula: 



or a pharmaceutical^ acceptable salt, ester or prodrug thereof. 
A is 

(I) R5C(0)-(CH 2 ) W - wherein 

1 ) w is 0 to 4 and 

2) Rs is 

i) hydroxy, 

ii) alkoxy, 

iii) thioalkoxy, 

iv) amino or 

v) substituted amino; 

(II) alkylsulfonyl, (aryl)sulfonyl or (heterocyclic)sulfonyl; 

(III) aryl, aryialkyl, heterocyclic or (heterocyclic)alkyl; or 

(IV) Rq 0 - or R 90 NHC(O)- wherein Rgo is a Ct to C* straight or branched carbon chain substituted by 
a substituent selected from 

1) carboxy. 

2) alkoxycarbonyl, 

3) alkylsulfonyl, 

4) aryl, 

5) arylsulfonyl, 

6) heterocyclic or 

7) (heterocyclic)sulfonyl). 

Ri is 

(I) hydrogen, 

(II) loweralkyl, - . 

(III) loweralkenyl, 

(IV) cycloalkylalkyl. 

(V) cycloalkenylalkyl, 

(VI) aryloxyalkyi. 

(VII) thioaryloxyalkyl, 
(Villi) arylalkoxyalkyl. 

(IX) arylthioalkoxyalkyl or 

(X) a Ci to C3 straight or branched carbon chain substituted by a substituent selected' from 

1) alkoxy. 

2) thioalkoxy, 

3) aryl and 

6) heterocyclic. 



(I) CH 2 . 

(II) CHOH, 
(lil)C(O). 

(IV) NH. 

(V) O. - 

(VI) s. 

(VII) S(O). 

(VIII) so 2 . 

(IX) N(O) or 

(X) -P<0)0-. 



O 




X is 
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-N 



HO 




R« Ro 



wherein R 4 . R 5l R s , R 7 , Rs, R9 and X are as defined therein; 

Luly, et al.. U.S. Patent No. 4.680,284, issued Juiy 14, 1987. which is hereby incorporated by reference, 
discloses mimics of the Leu-Vai cleavage site of angiotensinogen having the formula 



75 




20 



wherein R 3 is as defined therein; 

Luly, et al., U.S. Patent No. 4.725.584. issued February 16, 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



25 



OH 




30 



*4 



OH 



35 



wherein R3 and R* are as defined therein; 

Luly, et al., U.S. Patent No. 4,725.583, issued February' 16. 1988, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



OH 



40 




*4 



45 



wherein R3, R4 and R5 are as defined therein; 

Rosenberg, et al., U.S. Patent No. 4.837,204, issued June 6. 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cieavage site of angiotensinogen having the formula 



H 

" I 



50 



OH 

I 




OH 



,^7 



wherein R*, R 5 . Rs, R7 and X are as defined therein; 
55 Luly, et al., U.S'. Patent No. 4,845.079, issued July 4. 1989. which is hereby incorporated by reference, 

discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



8 
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2) Q is 

i) O or 

ii) S; 

3) E is 
5 i) O, 

ii) S, 

Mi) CHR73 wherein R73 is loweralkyl, 

iv) C = CH 2 or 

v) NRts wherein Ris is 
to a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 

d) hydroxy, 

e) alkoxy, 
/5 f) amino or 

g) aikylamjno; 
and 

4) G is 
i) absent. 

20 ii) CH 2 or 

in) NR19 wherein Rio is hydrogen or loweralkyl, 
with the proviso that when G is NR19, 
then Ris is loweralkyl or hydroxyalkyl; 

25 (III) 



30 



35 



45 



50 




•(CH 2 )v-C(0)-N 



wherein 

1) v is 0 or 1 and ^ 
'2) R 2 i is 

i) NH 

ii) O. 

iii) S or 

iv) S0 2 ; or 

(IV) a substituted methylene group. 

The term "mimic of the Leu-Val cleavage site of angiotensinogen" as used herein also includes the 
substituents (T) disclosed in the following references: 

Luly. et al.. U.S. Patent No. 4,645.759. issued February 24, 1987, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



X, 



'R. 



55 



wherein R*, Rs. Rs, R7_R8. R9 and X are as defined therein; \ 

^Luly. et al., U.S. Patent No. 4,652,551. issued March 24, 1987, which is hereby incorporated * by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



7 
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wherein R 2 , R 3 , R*. R ; and R s are as defined therein: 

Riniker et al.. U.S: Patent No. 4,595.677. issued June 17. 1986. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage s.te of angiotensmogen hav.ng the formula 




20 



wherein R 2 , R 3 and R* are as defined therein; 

Buhlmayer. et al.. U.S. Patent No. 4,727.060! issued February 23, 1988. which is hereby .ncorporated 
by reference, discloses m.mics of the Leu-Val cleavage site of; ang.otens.nogen hav.ng the formula 



25 ■ 




wherein R 2l R 3t FU, R 5 and R 6 are as defined therein; 
30 Buhlmayer, et al.. U.S. Patent No. 4,758.584, issued July 19. 1988, which -is hereby incorporated' by 

reference, discloses m.mics of the Leu-Val cleavage site of angiotensinogen having the formula 




•jo 



<*5 



50 



55 



wherein R 2l R 3 , r 4 . r 5 and R € are as defined therein: 

Szelke, et al.. U.S. Patent No. 4,609,643, .ssued September 2, 1986, which ,s hereby incorporated by 
reference, discloses mimics of the Leu-Var cleavage site of angiotensmogen having the formula 
-A-B-Z-W ■ ^ 

wherein A. B, Z and W are as defined therein; 

Szelke. et al.. U.S. Patent No. 4.650.661. ,ssued March 17. 1987. which is hereby incorporated by 
reference, d.scloses m.mics of the Leu-Val cleavage site of angiotensinogen having the formula 

wherein A. B. Z and W are as defined therein; 

Szelke, et al... U.S. Patent No. 4.713.445. issued December 15. 1987, which ,s hereby incorporated by 
Xb-Tw mimiCS ° f the Leu ' Val cleavaae site ° f an gi otensinogen having the formula 

wherein A, B, Z and W are as defined therein; 

lizuka. et al.. U.S. Patent No. 4.656.269. issued April 7. 1987, which is hereby incorporated by 
reference, d.scloses m.mics of the Leu-Val cleavage site of angiotensinogen having the formula 



10 
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H 



5 




wherein R*. Rs. Rs. R7. Rs and R 9 are as defined therein; 

8. Sham. U.S. Patent No. 4,826.958, issued May 2. 1989. which is hereby incorporated by reference. 
j o discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



'5 ' . 




wherein Ra , Rs, Rs, R?. R? and X are as defined therein: 

Rosenberg et al.. U.S. Patent No. 4,857.507, issued August 15. 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



25 




R 5 



wherein R*. Rs. R*. R7. Ra. Rg and E are as defined therein: 

Luly, et al.. U.S. Patent No. 4.826,815, issued May 2. 1989. which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



35 




R 5 R 8 R 9 



wherein R* t Rs, Rs. R*. Rs. R9 and X are as defined therein: 

Bender, et al.. U.S. Patent No. 4.818.748. issued April 4. 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



50 




wherein Ri , J. L. M and Q are as defined therein; 

Fuhrer. et al.. U.S. Patent No. 4,613.676. issued September 23. 1986; which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



9 
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wherein Rt. R2 and R] are as defined therein; 

Hoover, et al., U.S. Patent No. 4.814,342. issued March 21. 1989 which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula \ 



10 



.NH 



15 



20 



wherein X, W and Z' are as defined therein; 

Matsueda, et al., U.S. Patent No. 4,698.329. issued October 6, 1987. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



nh 

r 



25 



30 



35 



wherein R 3 and X are as defined therein: 

Matsueda. et at., U.S. Patent No. 4,548.926. issued October 22. 1985, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



r 

But 



wherein But and X are as defined therein; 

Wagnon. et al., U.S. Patent No. 4.725.580, issued February 16, 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



40 



45 




X-Y-R 4 



wherein Z, . X, Y and R* are as defined therein; 

Wagnon. et al.. U.S. Patent No. 4.746,648, issued May 24, 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



OH o 



55 
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OH 




(CH 



2>n 



jo wherein n, X and R2 are as defined therein: 

lizuka, et al., U.S. Patent No. 4.711,958. issued December 8, 1987, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the. formula 



OH 



15 



20 




25 



wherein X is as defined therein; 

Kleinman, et al., U.S. Patent No. 4,729.985. issued March 8. .1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



30 




(W 2 ) m -N 



R4 



wherein R,. R 2 , m, W 2 , R 3 and R<. are as defined therein; 

Hoover. U.S. Patent No. 4,668.769. issued May 26, 1987, which is hereby incorporated by reference, 
3S discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



OH 




j 5 



wherein X and R2 are as defined therein; 

Hoover, et al.. U.S. Patent No. 4,814,342. issued March 21. 1989. which is hereby incorporated by' 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



50 




wherein X. W and Z 1 are as defined therein; 

Bindra. et al., U.S. Patent No. 4.749,687. issued June 7, 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



1 1 
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wherein R, f R 2l R 3 , q, R g and Rio are as defined therein- ' 

Gordon, U S. Patent No. 4,749.781. .ssued June 7/1988, which is hereby incorporated by"" reference 
. discloses mirti.cs of the Leu-Val cleavage s.te of angiotensmogen having the formula . 




wherein Ri. R2/R3 and R 9 are as defined therein; 
. Ryono. et aL, U.S. Patent No. 4.665,193. issued 



May 12. 1987, which is hereby incorporated by_ 



... ~ '5o/, vvniufi 15 nereoy inc< 

-reference i; d.scloses-mim.cs.-of-the-tea=Val cleavage ^^f^Wtehii^TTha^n^^o^a 




wherein R,. R 2 , r 3 , r 4 and A are as defined therein: 

r P f P r™ 0 H et , al - U S - Patem N °- 4 616 ' 088 ' issued October, 7, 1986. which is hereby incorporated by 
reference, d.scloses m.m.cs of the Leu-Val cleavage site of angiotensinogen having the formula 




wherein R, , R 2 , R 3 , r 4 a nd A are as defined therein; , 

fe JZTf ? L U Patem NO ' 4 ' 629 ' 724 ' iSSUed December 1 6. 1986. which is hereby incorporated by 
reference, d.scloses m.mics of the Leu-Val cleavage site of ang,otensinogen having the formula 



. NH 




wherein R,. R 2 , R 3 , r.. r. RlJ and A are as defined tnerein; 

Patel. ICS. Patent No. 4.820.691. issued April 11. 1989. which is hereby incorporated by reference 
discloses rn.rn.cs of the Leu-Val cleavage s.te of angiotensinogen having the formula reference. 



,NH 




wherein R, and R 3 are as defined therein; 

referInl Sr Tf ' U Patem ^ 4705 - 846 - issued November 10. 1987. wh.ch is hereby incorporated by 
reference d.scloses m.m.cs of the Leu-Val cleavage site of angiotensinogen having the formula 



14 
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wherein Z ; . X, Y and R* are as defined therein; 

Cazaubon, et al., U.S. Patent No. 4,481.192, issued November 6, 1984, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-Statyii-Ala-Statyl 2 -R 
5 wherein Statyli, Ala. Statyl2 and R are as defined therein; 

Hansen, et at.. U.S. Patent No. 4,722.922, issued February 2. 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




>5 

wherein R3. -R*. Rs. n and R6 are as defined therein; 

Hansen, et al.. U.S. Patent No. 4.510.085, issued April 9. 1985, which is hereby incorporated by 
reference, discloses mimics of the Leu*Val cleavage site of angiotensinogen having the formula 




adamantyl 



wherein R2 is as defined therein; 
30 Baran, et al.. U.S. Patent No. 4,657,931, issued April 14, 1987, which is hereby incorporated by 

reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



35 




R, O 

wherein R*. n and Rs are as defined therein; 
-»o Hansen, et al.. U.S. Patent No. 4,514.332. issued April 30, 1985. which is hereby incorporated by 

reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



45 




' R1 O ; 

Natarajan, et al.. U.S. Patent No. 4.757,050. issued July 12. 1988, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



55 




■10 



13 
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E-3-f 



wherein R 3 . R*. m', E. B and F are as defined therein; 

Bock, et al:. U.S. Patent No. 4.636.491. issued January 13. 1987. which ,s hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site. of angiotensinogen^having the formula , • 



OH 




wherein B3.R4.rn and E are as defined therein: 

Bock, et al., U.S. Patent No. 4.663.310. issued May 5, 1987. which is hereby incorporated by reference 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



. NH 




J-8-L 



wherein G. R*. j, 8 and L are as defined therein: 

Soger, et al., U.S. Patent No. 4.661.473. issued April 28. 1987. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



.NH 




J-B-L 



R4 



wherein G. R*. J, 8 and L are as defined therein: 

Veber. et al.. U.S. Patent No. 4,479.941, issued October 30. 1984. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



OH 



.NH 




NH 




wherein R 3 , R* and E are as defined therein: 

Soger, et al.. U.S. Patent No. 4.470.971. issued September 11, 1984. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



16 
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wherein E:o. Fm. G12. Hi3. Ii* and Z are as defined therein; 

Hudspeth, et al.. U.S. Patent No. 4.743.585. issued May 10. 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-T-(C) n -W-(D) n -V-(E) n -U 
5 wherein T. C. W. D, V, E. U and n are as defined therein; 

Hudspeth, et a!.. U.S. Patent No. 4.735.933. issued April 5. 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cieavage site of angiotensinogen having the formula 
-Y-W-U 

wherein Y. W and U are as defined therein: 
10 Kaltenbronn, et at.. U.S. Patent No. 4,804.743, issued February 14. 1989. which is hereby incorporated 
by reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-T-U-V-W 

wherein T. U, V and W are as defined therein; 

Pinori, et al.. U.S. Patent No. 4,560.505, issued December 24. 1985. which is hereby incorporated by 
;5 reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



20 




25 

wherein Tyr and Lys are as defined therein; 

Yamato, et al.. U.S. Patent No. 4.683.220, issued July 28. 1987. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



ll 



35 




ho ; 

Boger, et al., U.S. Patent No. 4,668.770. issued May 26. 1987. which is hereby incorporated by 
reference, discloses mimics of the Leu-Vat cleavage site of angiotensinogen having the formula 



45 




wherein Rj, FU, q, B. D and E are as defined therein; * 

- Boger, U.S. Patent No. 4.668.663. issued May 26, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



15 
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wherein R 3 . R<. R 5 , m and F are as defined therein- 

-o referenc^M,!' ' U S - PatSn ! N0 ' 4 ' 478 ' 826, iSSU6d ° Ct0ber 23 ' 1984 ' ^ * hereby incorporated by 
;o reference, d.scloses m.m.cs of the Leu-Val cleavage site of ang.otens.nogen having the formula 



'5- 




9-S' 



wherein R 3 . R*. R 4a , B and E are as defined therein: 

20 refer!n?e r dSc^t- "^"V^ f' 4850 "' issued November 27. ,984. which is hereby incorporated by 
reference, d.scloses m.m.cs of the Leu-Val cleavage site of angiotensmogen having the formula . 



25 



.NH 




(CH 2 ) n 



30 wherein R 3 , R t , R Sl m and F are as defined therein: 

<^nZ'lrt,» *~ Pate "! 4 ' 477 ' 440 ' iSSUSd ° Ct0ber ,6 ' 1 ? 84 ' wh,ch 15 her «by incorporated by 
reference, d.scloses m.m.cs of the Leu-Val cleavage site of angiotensinogen hav.ng the formula 



35 



■10 



OH 




E-r-G 



"5 



50 



where.n R 3 , R 4 , m ". E. F and G are as defined therein- 

referencfdiscli; T : P ' t ? nt li No - 4J2 ' J76 ~ issued Janua 'V 26.. 1988.' which is hereby incorporated by 
reference, d.scloses m.m.cs of the Leu-Val cleavage s.te of ang.otens.nogen hav.ng the formula 



, N 




o 



B-0 



55 



wherein R a , R 3 . R,. Rs, n, B and 0 are as defined therein: 

by re H fer?n« n di S lt, U S " ^ ^ 4,7 ° 9 -° 10 - iMuad N ° V9mber * 4 ' 1987 ' ^' cn is he '*>y incorporated 
by reference, d.scloses m.m.cs of the Leu-Val cleavage site of angiotensinogen having the formula 



18 
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5 




wherein R 3 , Ra. R5. B and £ are as defined therein; 

Veber, et al.. U.S. Patent No. 4.384.994, issued May 24. 1983. wruch is hereby incorporated by 
to reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



15 




20 , wherein Rt. R2. R3. R* and B are as defined therein; 

Boger, et al., U.S. Patent No. 4.812,442, issued March 14. 1989, which is hereby incorporated by 

reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

-G-J . 

wherein G and J are as defined therein; . 
25 Evans. U.S. Patent No. 4,665.055. issued May 12. 1987. which is hereby incorporated by reference. 

discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



30 




wherein R*. R5, B and 'C are as defined therein; 

Evans; et al.. U.S. Patent No. 4.609.641. issued September 2. 1986. which ts hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




wherein Ri, R 2 , X, Y, B and C are as defined therein; 

Patchett. et al., U.S. Patent No. 4.839.357, issued June 13, 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
so -G-J 

wherein G and J are as defined therein; 

Boger. et al., U.S. Patent No. 4.812.442. issued March 14. 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-G-J 

55 wherein G and J are as defined therein; 

Boger, U.S. .Patent No. 4.665.052. issued May 12, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the. formula 



17 
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wherein n and X are as defined therein; 

Raddatz. et a!.. U.S. Patent No. 4.829.053, issued May 9, 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-N(R 2 )-CH(R 3 )-CR*-{eHR5)n-C(0)-E-N(R 6 HCH(Fl7)) s -D- 
wherein n. s. R 2) R 3 . R*. Rs, Re, R 7 . E and D are as defined therein; 

European Patent Application No. EP0264106, published April 20, 1988, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




75 

wherein R A , R 5 , R 6 and R 7 are as defined therein including R 4 is hydrogen or loweralkyl; R 5 is hydrogen, 
loweralkyl or an amino acid> residue; R s is loweralkyl, cycloalkyl, cycloalkyialkyl- or arylalkyl and R 7 is 
hydroxy, alkoxy, substituted alkoxy, amino, substituted amino or an N-heterocycle; 

European Patent Application No. EP0272583. published June 29, 1988. discloses mimics of the Leu-Val 
20 cleavage site of angiotensinogen having the formula 



25, 




wherein R 5) R 6 . R 7 and R 8 are as defined therein including R s is hydrogen or loweralkyl; R 6 is hydrogen, 
3 o loweralkyl, cycloalkyl, cycloalkyialkyl, aryi, arylalkyl or an amino acid residue; and ,R 7 and R 8 



are 



independently selected from hydrogen, loweralkyl. cycloalkyl, cycloalkyialkyl or arylalkyl; 

European Patent Application No. EP0309766. published April 5. 1989, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



35 




40 • 

wherein R 5 , R 6 and .A are as defined therein including R5 is hydrogen or loweralkyl; R 5 is hydrogen, 
loweralkyl. cycloalkyl, cycloalkyialkyl. aryl, aralkyl or heterocyclic; and A is -CH(OH) - (CH) q -R 7 wherein q is 
0-5 and R 7 is hydrogen, loweralkyl, cycloalkyl, cycloalkyialkyl, aryl. arylalkyl. heterocyclic, substituted 
. J5 thioalkyl, substituted sulfone, substituted sulfoxide, substituted amine, quaternized amine, heterocyclic, 
carboxyalkyl, alkoxycarbonylalkyl or amidoalkyl; 

European Patent Application No. EP03001 89, published January 25, 1989. discloses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 



50 




55 
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wherein. R. Rt, R2, n and Y are as defined therein; 

Raddatz. et al.. U.S. Patent No. 4.812,555.- issued March 14, 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



R 2 OH O 




wherein R 2 , R3, Rt, n and E are as defined therein: 

; Raddatz. et al., U.S. Patent No. 4.755.592. issued July 5, 1988. which is -hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-W-E-W-Y 

wherein W, E. w' and Y are as defined therein; 

Raddatz, et al., U.S. Patent No. 4.666,888. issued May 19. 1987, which is hereby incorporated by 
reference, disctoses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




wherein^Rt , E. G and Y are as defined therein; 

Wagnon. et al.. U.S. Patent No. 4,840,935. issued June 20, 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




X- NR 4 R 5 



Q 



wherein R4. R5, Q and X are as defined therein; 

lizuka. et al.. U.S. Patent no. 4.841.067. issued June 20. 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




19 
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■JO 



alkylamino. hydroxy, azido or halo and R 7 is hydrogen, hydroxy, amino, aryl or heteroaryl- 

European Patent Application No. EP0315574, published May 10. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




"{ 3 ' is a" bcrbn a-cm)" 



75 



20 



wherein R 2f X, Y, R 3 and R* are as defined therein including R 2 is hydrogen, alky I. cycloalkyl. cycioaikylal- 
kyl, aryl or heterocyclic; X and Y are independently selected from O or -N(R 13 )- wherein R 13 1S hydrogen 
alkyl, or substituted alkyl; and R 3 and R. are independently selected from hydrogen, alkyl or aryl- or the 
boron containing substituent is a boron containing cyclic group; 

Japanese Patent Application No. J63275552. published November 14, 1988 discloses mim.cs of the 
Leu-Val cleavage site of angiotensinogen having the formula ' 



25 




OCH(CH 3 ) 2 



30 



European Patent Application No. EP0252727, published January 13. 1988, discloses mim.cs of the Leu- 
vai cleavage site of angiotensinogen having the formula 



35 



jo 




wherein Y and R are as defined therein including Y is 0 or NH and R is alkyl, cycloalkyl or halogenated 
js aiKyi, 

European Patent Application No. EP0244083, published November 4, 1987, discloses mimics of the 
Leu-Val cleavage site of angiotensinogen having the formula 



so 



55 




wherein X is as defined therein including X is alkoxy, alkyalamino. cycloalkyloxy, morphol 



ino and hatoal- 
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wherein R* is as defined therein including R 4 is loweraikyi; 

European Patent Application No. EP0283970. published September 28. 1988, discloses mimics of the 
Leu-Val cleavage site of angiotensinogen having the formula 



70 




7 5 wherein R* is as defined therein including R* is loweraikyi: 

European Patent Application No. EP0255082, published February 3, 1988. discloses mimics of the Leu- 
Vat cleavage site of angiotensinogen having the formula 



20 




R 2 ^ R 4 



25 

wherein R 2 , R3 and R* are as defined therein including R 2 is hydrogen, alkyl, cyclcoalkyl, cycloalkylalkyl. 
aryl or arylalkyl; R 3 is hydrogen, alkyl or arylalkyl; and R«. is -X-(CH 2 ) n '-R7 wherein X is absent. O or S; n is 
0-4 and R7 is hydrogen, hydroxy, amino, heteroaryl or -CH(R 3 )-(CH 2 )p-Y-(CH 2 ) q -Ri 0 wherein p, q, Y and 
R10 are as defined therein; 

30 European Patent Application No. EP0230242, published July 29. 1987, discloses mimics of the Leu-Val 

cleavage site of angiotensinogen having the formula 



35 




wherein R 2 . R3 and R* are as defined therein including R 2 is hydrogen, alkyl. cycloalkylalkyl, aryl or 
arylalkyl; R 3 is hydrogen, alkyl or alkenyl; and R 4 is -N(R S )-CH(R s )-(CH 2 )„-Ar or -N(Rc )-CH<R 5 )-CH = CH- 
(CH 2 ) m -Ar wherein n is 0-6, m is 0-4, Rc is hydrogen or alkyl and Rs is hydrogen; alkyl, hydroxyalkyl, 
alkoxyalkyl, thioalkoxyalkyl, carboxyalkyl. alkoxycarbonylalkyl, haloalkyl, alkylaminoaikyl. alkoxycar- 
-*s bonylaminoalkyl or arylalkoxycarbonylaminoalkyi; 

European Patent Application No. EP0310015. published April 5. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



50 




Rj R 4 



55 

wherein R 2 , R 3 , R* and R« are as defined therein including R 2 is hyarogen. alkyl, cycloalkyl, cycloalkylalkyl, 
aryl or arylalkyl; R3 is hydrogen, alkyl, aryl or arylalkyl; Rg is hydroxy or fluoro; and R* is -(CH 2 ) p -X-(CH 2 ) q - 
R 7 wherein p is 0-4, q is 0-4, X is -CF 2 -, -C(O)- or -CH(R 8 )- wherein R 8 is alkyl, alkoxy, thioalkoxy. 



21 
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w 



wnerem n. R, and R 2 are as defined therein including n is 0-1. R, is -NH 2 , alkylamino, alkoxy ' or 2- 
alkoxycarbonylpyrrolidin-1 -yi and R 2 is alkyl, alkenyl, haloaikenyl or azide substituted alkenyl; 

European Patent Application No. EP0297815. published January 4, 1989, discloses mimics of the Leu- 
Val clea vage site of angiotensinogen having tha fnrmuia • ■• . - . ' 



is 



, NH 




Y- R, 



wherein Y and R 2 are as defined therein including Y is -CH(OH)- or -C(0>- and R 2 is -CF 2 C(0)NHCH 3 -CF 3 
2s or-CF 2 C(CH 2 CH(CH 3 ) 2 )C0 2 C 2 H 5 ; * 

European Patent Application No. EP0212903, published March 4, 1987. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



30 ^ NH 




wherein m, R t . R 2 , R 3 , r a and W* are as defined therein including m is 0-1, Fh and R 2 are independently 
selected from hydrogen, alkyl, alkenyl, phenyl, naphthyl, cycloalkyl, cycloalkenyi, phenylalkyl naohthylalkyl 
cycloalkylalkyl and cycloalkenylalkyl. R 3 and R 4 are independently selected from alkyl, phenyl; naphthyl 
cycloalkyl. adamantyl. phenylalkyl. naphthylalkyl. cycloalkylalkyl and adamantylalkyi; or R 3 is hydrogen and 

40 R 4 is -CH(R 7 ) (CH 2 ) 0 (Q),CH(R 8 ) (CH 2 ) q -Y wherein p and q are independently selected from 0 1 2 3 4 5 and 
6, r is 0-1, Q is -CH a -. -CH = CH : , -0-. -NH-. -CH(OH)- or -C(O)-, Y is methyl, phenyl. -C(0)OR 9 -C(O)- 
NR9R10. . -C(0)NHC(0)OCH 2 C 5 H 5 , -NH 2 . -NHC(0)CH 2 C 6 H s , -NHCH(CH 2 C 6 H 5 )C(0)OR 9 or -NHCH- 
(CH 2 C 6 H 5 )C(O)NRgR 10 . wherein R 9 and R, 0 are independently "seiecterd from hydrogen, alkyl phenyl 
cycloalkyl, phenylalkyl. cycloalkylalkyl or adamantyl, and R 7 and R 8 are independently seiecterd from 

4S hydrogen, alkyl, phenyl,, cycloalkyl, phenylalkyl, cycloalkylalkyl or adamantyl; or R 3 and R 4 taken together 
with the nitrogen to which they are attached form a pyrrole, tndoline, isoindoline, piperidine. 1.2.3.4- 
tetrahydroquinoline, 1 .2.3.4-tetrahydroisoquinoline. perhydroazepine or morpholine ring; and W 2 is -NHCH(- 
(CH 2 ) 3 R 5 )-C(0)- wherein R 6 is -NH 2 , -NHC( = NH)NH 2 or -CH 2 NH 2 ; 

PCT Patent Application No. WO 88/03022, published May 5, 1988. discloses mimics of the Leu-Val 

50 cleavage site of angiotensinogen having the formula 



55 
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koxy. 

European Patent Application No. EP0216539, published April 1, 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



to 




(CH 2 ) n 




Y- R, 



wherein n, Y and R 2 are as defined therein including n is 0-1, Y is O or NH and R 2 is alky I; 

European Patent Application No. EP0206807, published December 30. 1986. discloses mimics of the 
; s Leu-Vai cleavage site of angiotensinogen having the formula 



20 




Z- R 



25 



wherein n, Z and R are as defined therein including n is 0-1. Z is O or NH and R is alkyl; 

European Patent Application No. EP01 90891, published August 13. 1986, discloses mimics, of the Leu- 
Val cleavage site of angiotensinogen having the formula 



30 




.X' 



(CH 2 ) n 



wherein n and X are as defined therein including n is 0-1 and X is alkoxycarbonyi, aralkoxycarbonyl, or -C- 
(0)NRiR2 wherein Ri is hydrogen, alkyl or aralkyl and R2 is alkyl or -CH2-Y-R wherein Y is O or NH and R 
is alkyl or aralkyl; 

European Patent Application No. EP0181110, published May 14. 1986. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



45 




wherein R3 and R*. are as defined therein including R3 is -CHO or -CH2OH and R* is isobutyl or benzyl; 

European Patent Application No. EP0297816, published January 4, 1989. discloses mimics of the Leu- 
Vai cleavage site of angiotensinogen having the formula 



55 



23 
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is hydroxy, alkoxy, amino, aikylamino, aminomethylpyndyl or benzyl; or -NR4R5 represents pyrrolidinyt, 
piperidinyl, morphoiinyl, piperazinyi or substituted piperazinyl; D is a bond', O. -N(Ri)- or -CH(RO- and Y is 
-C(O)-, -S<0) 2 - or -P(O)-; 

. German Patent Application No. DE3830825. published March 23. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



,NH 




It 
o 



whe rein R* R5...I J5s J?7 ._ Ra, R9. Rtc and X are as defined therein J ncluding _Ra._ is .a hyd.rpphi Ilcl_oji_ 
/5 hydrophobic amino acid side chain, Rs is hydroxy or amino. R 5 is hydrogen or Rs and Rs taken together 
are oxo ( = 0), R7 and Rs are independently selected from hydrogen and fluoro, R° and R^o are 
independently selected from hydrogen, alkyl and -CH(R, 1 )C(0)Ri 2 wherein Ri 1 is aikyl or hydroxyalkyl and 
R12 is hydroxy, alkoxy, amino, aikylamino, aminomthyipyridyl, benzyl or -NH-(CH2CH20) m -Rt wherein m is 
1-20 and Rt is as defined therein; and X is a bond or O, NH or -C(Ri3) (Ri *)-wherein R: 3 and Ria are 
20 independently selected from hydrogen, fluoro or R*; 

• Japanese Patent Application No. J62246546, published October 27, 1987, discloses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 



25 



JO 



OH 




35 



NHR, 



wherein m. R* and Rs are as defined therein including m is 0-1. R* is alkyl, cycloalkyi or phenyl and Rs is 
alkyl or substituted alkyl as defined therein; 

European Patent Application No. EP0274259. published July 13. 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



40 




45 



50 



wherein R4 and Rs are as defined therein including R* is alkyl, hydroxyalkyl, (heterocyclic)alkyl. amtnoalkyl, 
atkylaminoalkyl or dialkylaminoalkyl and R$ is hydrogen or alkyl; 

European Patent Application No. EP0228192, published July 8, 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



OH 



.NH 



h (CH 2 ) 



Vm 



NH 



.<CH(R s ).C(0)-NH) n .R 7 



wherein m. n. Rs, R 6 and R7 are as defined therein including m and n are independently selected from 0 
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OH Y 




wherein n. Y and D are as defined therein including n is 0-1. Y is-isobutyl, allyl or benzyl and D is 2- 
carboxypyrrolidin-t-yl or -ZR wherein Z is O or NH and R is alkyl. phenyl or substituted alky I or substituted 
phenyl; 

German Patent Application No. DE3725137, published August 6, 1986. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



20 




wherein R. Rt, R 2l R 3l R A , R 5 , R^. B and Y are as defined therein including R is hydrogen, alkyl. cycloalkyl, 
cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, Ri is hydroxy, alkoxy or aryloxy, R 2 is hydrogen 
or Ri and R 2 taken together is oxo ( = 0). R 3 . R*. R 5 and R 6 are independently selected from hydrogen, 
fluoro. chloro. alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylafkyl, heteroaryl and heteroarylalkyl. B is a peptide 
chain containing from 1 to 10 amino acid residues and Y is hydroxy or a protecting group for the peptide 
carboxy group; 

British Patent Application No. GB2203740, published October 26, 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



35 




wherein Ri, R 2l R 3l R 4 and B are as defined therein including R, is a hdyrophobic or hydrophilic side 
j o chain, R 2 is hydroxy or amino. R3 is hydrogen or R 2 and R 3 taken together is oxo (=0). R 4 is a 
hydrophobic or hydrophilic side chain and B is -NHCH(R 5 )C(R7)(R8)C(R?)(Rrc)CH 2 C(0)NRi - R, 2 wherein R; 
is Rt. R7 and Rg are the same as R 2 and R 3 , R3 and Rio are independently selected from hydrogen and 
fluoro and Ri 1 and Ri 2 are independently selected from hydrogen, alkyl. arylalkyl, heteroarylalkyl and -CH- 
{Ri3)C(0)Rt* wherein R 13 is alkyl or hydroxyalkyl and Ri* is hydroxy, alkoxy, amino, alkylammo. 
JS aminomethylpyridyl or benzyl; 

British Patent Application No. GB2200115, published July 27. 1988. discloses mimics of the Leu-Val 
cieavage site of angiotensinogen having the formula 



50 




Rt. R2, R3. Ra. Rs. D and Y are as defined therein' including R t is hydrogen or alkyl, R 2 is an amino acid 
side chain. R 3 is hydrogen, hydroxy, aryloxy or amino. Rt and R5 are independently selected from 
hydrogen, alkyl, arylalkyl, heteroarylalkyl and -CH(R, 2 )C(0)Ri 3 wherein R-. 2 is alkyl or hydroxyalkyl and R- 3 
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wherein R,, R* and R 7 are as defined therein including. Ri is hydrogen, alkyi, haioalkyt, alkylcycloaikyi. 
alkytcycloatkenyl or aikoxycarbonyl. R 5 is hydrogen or aikyi and R 7 is cycioalkyl. phenyl, cycloaikylalkyl or 
phenylalkyl; 

European Patent Application No. EP0313847, published May 3. 1989. discloses mimics of the Leu-Vat 
cleavage site of angiotensinogen having the formula 




wherein R,, R 5 and R$ are as defined therein including Ri is hydrogen, alkyl, haloalkyl, alkylcycloaikyi, 
alkyicycloalkenyi or aikoxycarbonyl, R 5 is hydrogen or alkyl and R 6 is cycioalkyl, phenyl, cycloaikylalkyl or 
phenylalkyl; 

European Patent Application No. EP0296581, published December 28, 1.988, discloses mimics of the 
Leu-Val cleavage site of angiotensinogen having the formula 



O 




wherein Ri and R 3 are as defined therein including R, is hydrogen, arylalkyl. aryl, (heterocyclic) alkyl or 
heterocyclic and R 3 is hydrogen, alkyl, haloalkyl, arylalkyl. (heterocyclic)alkyl, hydroxyalkyl, alkoxyalkyl, 
aminoalkyl, mercaptoalkyl, thioalkoxyaikyl, hydorxyalkoxyalkyi, aminoalkoxyalkyl, hydroxythioaikoxyalkyl, 
carboxyalkyl, aminothioalkoxyaikyl. guanidinoalkyl, ammocarbonylalkyt or imidazolylalkyl; 

European Patent Application No. EP0231919, published August 12.-1987. discloses mimics of the Leu- 
Vai cleavage site of angiotensinogen having the formula 



OH 




*3 



wherein Ri and. R 3 are as defined therein including R. is an N-heterocycfic ring and R 3 is hydrogen, alkyl, 
cycloaikylalkyl, haloalkyl. arylalkyl, (heterocyclic)alkyl, hydroxyalkyl, alkoxyalkyl. alkoxyalkyl, aminoalkyl, 
mercaptoalkyl, tioalkoxyalkyl, hydroxyalkoxyalkyl, aminoalkoxyalkyl. hydroxythioaikoxyalkyl, carboxyalkyl, 
aminothioalkoxyaikyl, guanidinoalkyl, aminocarbonylalkyl or imidazolylalkyl; 

PCT Patent Application No. WO 87053202. published May 3, 1989, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

-E: o-Fi ! -Gi 2"Hi 3-I1 4-Z 

wherein Ei C . F: . , Gi 2 , H* 3 , lu and 2 are as defined therein including -E:o-Fi«- is 
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and 1. Rs is alkyl, cycloalkyl or phenyl. Ft* is alkyl and R 7 is alkyl or substituted alkyi as defined therein; 

European Patent Application No. EP0273893. published July 6.. 1988; discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein Rs, Re and Y are as defined therein including R 5 is alkyl or cycloalkyl, Rs is hydrogen or alkyl ana 
Y is -SCH(CH 3 ) 2 or -S(0) 2 CH(CH 3 ) 2 ; 

European Patent Application No. EP0310070. published April 5. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein Rt, R 5 and R? are as defined therein including Ri is hydrogen, alkyl. haloalkyl, alkylcycioalkyl. 
alkylcycloalkenyl or alkoxycarbonyl, R 5 is hydrogen or alkyl and R7 is cycloalkyl. phenyl, cycloalkylatkyl. or 
phenyialkyt; 

European Patent Application No. EP0310071, published April 5. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein Ri, R 5 and R7 are as defined therein including Rr is hydrogen, alkyl, haloalkyl, alkylcycioalkyl.. 
alkylcycloalkenyl or alkoxycarbonyl. Rc is hydrogen or alkyl and R? is cycloalkyl. phenyl, cycloalkylatkyl or 
phenyialkyl; 

European Patent Application No. EP0310072. published April 5. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein Ri , R$ and R7 are as defined therein including Ri is hydrogen, alkyl. haloalkyl, alkylcycioalkyl. 
alkylcycloalkenyl or alkoxycarbonyl, Rs is hydrogen or alkyl and R7 is cycioatkyl, phenyl, cycloalkylatkyl or 
phenyialkyl; 

European Patent Application No. EP0310073, published April 5, 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 
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(NH 2 )CH 2 -. -C(0)-CH 2 -, -CH 2 -NH-, -CH 2 -0- or -P(0)(A)B- wherein A is hydroxy or amino and B is absent, 
O. NH or CH 2 , Y is absent or -NHCO(R 5 )C(0)- and Z is hydroxy, substituted aikoxy, substituted amino or N- 
heterocyciic; 

PCT Patent Application No. WD 88/07053. published September 22. 1988. discloses mimics, of the leu- 
Val cleavage site of angiotensinogen having the formula 




wherein. r. t. R90. Ricc.Rt'o. Rmi, G12. Hi 3l Ii * and Z are as defined therein including r is 0-3. t is 0-3, 
R 90 is hydrogen or alkyl. Rico is hydrogen, alkyl, aryl, cycloalkyl. heterocyclic, aikoxy or thioalkoxy, R-p 
and Rt- are independently selected from hydrogen, alkyl, aryl, arylalkyl and halo. Gi 2 is absent, an amino 
acid residue or 




wherein R50 is hydrogen, alkyl, arylalkyl, (heterocyclic)alkyl. cycloalkylalkyl or adamantyl, and R$o and R s , 
are independently selected from hydrogen, alkyl, aryl, arylalkyl, heterocyclic, (heterocyclic)alkyl. cycloalkyl. 
cycloalkylalkyl and adamantyl; or Rso and Rsi taken together form a carbocyclic or heterocyclic spirocycle. 
Hi 3 is absent an amino acid residue or 




wherein R 50 is hydrogen, alkyl, arylalkyl. (heterocyclic)alkyl, cycloalkylalkyl or adamantyl, and R50 and R 6 ,. 
are independently selected from hydrogen, alkyl, aryl, arylalkyl. heterocyclic. {heterocyciic)alkyt, cycloalkyl. 
cycloalkylalkyl and adamantyl: or R 50 and R«i taken together form a carbocyclic or heterocyclic spirocycle, 
hi is absent an amino acid residue or 




wherein R 50 is hydrogen, alkyl, arylalkyl, (heterocyclic)alkyl. cycloalkylalkyl or adamantyl, and Rso and R s , 
are independently selected from hydrogen, alkyl'. aryl, arylalkyl, heterocyclic, (heterocyclic)alkyl, cycloalkyl, 
cycloalkylalkyl and adamantyl; or R 60 and R 6 i taken together form a carbocyclic or heterocyclic spirocycle 
and Z is hydroxy, aikoxy, substituted aikoxy, amino, substituted amino or cyclic amino; 
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5 




wherein Rt is hydrogen, alkyl. aryl, cycloalkyl, heterocyclic, alkoxy or thioalkoxy, Ri^ is hydrogen, afkyl, 
benzyl, cycloalkyl. hydroxyalkyl, cycioaikyialkyl, arylalkyl, (heterocyclic)alkyl. alkoxyalkyl or thioaikoxyaikyl. 
R22 j s hydrogen or aikyl and R23 is hydroxyalkyl, aminoalkyl. aryl or alkyl. G12 is absent or an amino acid 
residue. H:3 is absent or an amino acid residue. It* is absent or an amino acid residue and Z is hydroxy, 
substituted alkoxy, substituted amino or cyclic amino; 

PCT Patent Application No. WO 87,02986. published May 21, 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 
-E ! o*Fi 1 -G 1 2 "Hi 3-I1 4-Z . 

wherein Etp. Fit, G12. Hn, ii * and Z are as defined therein including -E:c-F: is 



20 



25 



30 



35 




4Q wherein Ri is hydrogen, alkyl, aryl. cycloalkyl. heterocyclic, alkoxy or thioalkoxy, R. - is hydrogen, alkyl. 

benzyl, cycloalkyl. hydroxyalkyl, cycioaikyialkyl. arylalkyl. (heterocyclic)alkyl, ajkoxyaikyl or thioaikoxyaikyl. 
, R21 is hydroxy or amino. R22 is hydrogen or alkyl and R23 is hydroxy, amino, hydroxyalkyl. aminoaikyl. aryl 

or alkyl, G12 is absent or an amino acid residue. Hi 3 is absent or an amino acid residue. It* is absent or an 

amino acid residue and Z is hydroxy, substituted alkoxy, substituted amino or cyclic amino; 
45 p CT Patent Application No. WO 89/00161. published January 12, 1989. discloses mimics of the Leu-Val 

cleavage site of angiotensinogen having the formula 



O 



50 




wherein R2, Ri, R5. X. Y and Z are as defined therein including R2 is hydrogen or alkyl. Ri is hydrogen, 
alkyl, cycloalkyl. aryl, heterocyclic, hydroxyalkyl or aminoalkyl, R$ is hydrogen, aikyl, arylalkyl. 
<heterocyciic)alkyl or cycloalkyl. X is -CH(OH)-, -CH(NH 2 )-. -C(O)-. -CH(OH)CH(OH)- ( -CH(OH)CH 2 -. -CH- 



29 



T^n«£« ab H ent amino u ac ' d ' res ^' G, a ; is absent or an ammo ac.d residue, H,„ is absent or 
an ammo acid residue and l, 4 is absent or an amino acid residue- 

np/f T P f en / APP ' iCati0n N °- W ° 86/06379 ' Polished April 5: 1989. discloses m.m.cs of the Leu-Val 
cleavage site of angiotensinogen having the formula 

-E-F-G-H-Z 

wherein E. F, G, H and Z are as defined therein including -E-F- is 

R10C o 

R 10 a R, 0 b vv/ w. 




wherein R 10a is hydrogen or alkyl. R IOb is alkyl. cycloalkyl. cycloalkylaikyl. arylalkyl (heterocyclic)alkvl 

res,2 nVtf^T Y SeleCted ' r ° m hydr ° 9en - f,UOr °- Ch, ° r0 and br0m °- G is absent ^ an ammo acid 
! 3n amm ° aC " d reSidue and Z is hydr ° x V- thi °'' amino, substituted alkoxy substituted 

th.oalkoxy. substituted alkylamino. Lys-OH. Lys-NH 2 , Ser-OH or Ser-NrV ~ suost.tuted 

r^ZTT ? tem App,iCati ° n Na EP0271862. published June 22. 1988. disc.oses m.mics of the Leu-Val 

cleavage site of angiotensinogen having the formula 

-Y-w-U 

wherein Y. W and U are as defined therein including Y is .Sta. Cysta or PhSta. W is Leu- He N-MeLeu Val 

Sh^SC^CH r ' NHCH S?S' - NHCH2Ph - - NH CH(CH 2 OH)CH(CH,)CH 2 CH3 -nSchJch' 
(UH)OH 2 SCH(CH 3 ) 2 , -NHCH 2 CH OH)CH 2 S(0)CH(CH 3 ) 2 -NHCH-jCH/OH\PH Q/n\ ru/i-L a 

-NHCH 2 CH 2 Ph. -NHCH 2 (pyr,d-2-yl). -NH, -NHCH.ci = i^^-OEt. -OMe NH<^^ 



NHCH 



- NHCH 2 ^^CH 2 NHZ , - NHCH 2 --^CH 2 NHBoc . 

- NHCH 2 -^0^ CH2NH2 Or . NHCH 2 -^0 

cleava^"?* m f PP,iCati ° n N °- EP °275480. published July 27. 1988. disc.oses m.m.cs of the Leu-Val 
cleavage site of angiotensinogen having the formula 

\At' II tf 



-w-u-v 



M h JT o e ' n W ' m m d „ V ^ 33 d6fined there ' n induding W is S,a - PhSta or c ysta.' U is absent. Leu lie Val N- 
NHCH 2 CH ( CH cT OM -^^^VClonexyl. . -NH(piperidin-4-y„. -NHCH^ (pyrid-2-yl). 

NHCH 2 CH(CH 3 )CH 2 CH 3 . -OMe. -OEt. -NHCH(CH 2 OH)CH(CH 3 )CH 2 CH 3 . -NHCH 2 CH 2 <morpholin-1-yl), 



NHCH 



.— <^N-CH 2 Ph 



NHCH 2 -^0L CH2NH2 OS . N HCH 2 -0- 



CH 2 NH 2 



PCT Patent Application No. WO 88/03927. published June 2. 1988. discloses mimics of the Leu-Val 
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PCT Patent Application No. WO 88/02374, published April 7, 1988. discloses mimics of the Leu-Vai 
cleavage site of angiotensinogen having the formula 

a) -Et-c-Fi-C( = Y)-Gi2-H, 3 -Z. 

b) -Eio-Fit-W. 

c) -Eio-F :i -Gi2-H. 3 -W or 

d) -Eic-Fii-Gi2!-Hi3i-ltA-Z wherein Eio, F,:, G: 2 , Hi 3 , Gi 2 -, H: 3 i\ W, Y and Z are as defined 
therein including -E:o-F;-- is 




wherein R and Ri are independently selected from alkyl, cyctoalkyl, aryl, substituted alkyl as defined 
therein, alkoxy or thioaikoxy, R. i is alkyl. cycloalkyl, aryl, substituted alkyl as defined therein, alkoxy. 
thioalkoxy, hydrogen, hydroxyalkyl, cycloalkylalkyl. arylalkyt, (heterocyciic)alkyi, alkoxyalkyl and thioalkox- 
yaikyi, R 22 is hydrogen or alkyl, R 2 3 is hydroxy, hydroxyalkyl, amino, aminoaikyl. aryl or alkyl, R 2i is aryl. 
amino, alkylamino, dialkylamino, trialkylamino, heterocyclic, hydroxy, alkoxy, alkanoyloxy, mercapto. car- 
boxy, alkoxycarbonyl, dialkylaminoalkoxycarbonyl, aminocarbonyl, alkyiaminocarbonyl. dialkytaminocar- 
bonyl, cyclicamino, cycioalkylamino. guanidinyl, cyano. N-cyanoguanidinyl, cyanoamino, hydroxyalkylamino. 
di(hydroxyalkyl)amino. arylalkyl, aminoaikyl, alkylaminoalkyl, dialkyiaminoalkyl. trialkylaminoalkyl. 
heterocyciicalkyl, hydroxyalkyl, alkoxyalkyl, alkanoyloxyalkyl. mercaptoalkyl, carboxyalkyl. aikoxycarbonyial- 
kyl, dialkylaminoalkoxycarbonylalkyl, aminocarbonylalkyl, alkylaminocarbonylalkyl, dialkylaminocarbonytal- 
kyl, cyclicaminoalkyl, cycloalkytaminoalkyl. guanidinyialkyl, cyanoalkyl, N-cyanoguanidinytalkyl. 
cyanoaminoalkyl, hydroxyalkylaminoalkyl or di(hydroxyaikyl)aminoalkyl. Wi and W 2 are independently 
selected from hydroxy and amino. W 3 and W* are independently selected from hydrogen and fluoro. W is^ 
as defined therein, Y is O, S, NH or -N(alkyl)-, Z is. as defined therein. Gi 2 is absent or an amino acid 
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OH 0 




Me OH 



COOH 



wherein X is as defined therein including X is isobutyl or benzyl; 

European Patent Application No. EP0281316. published September 7, 1988. discloses mimics of the 
Leu-Val cleavage site of angiotensinogen having the formula 



jo 



IS 




R_4 . 



20 



wherein R 3 , R* and Rs are as defined therein including R 3 is allyl, cyclohexyl or phenyl, R* is nitromethyl, 
alkoxycarbonyl or -CH 2 S(0) n -R d wherein n is 0-2 and R d is heterocyclic and R 5 is hydrogen or alky I; 

German Patent Application No. DE3825242. published February 9, 1989. discloses mimics of the Leu- 
.VaKcleavage site of angiotensinogen having the formula . . . 



25 




30 



35 



50 



wherein R 3 and Z are as defined therein including R 3 is hydroxy of amino and Z is substituted carbonyl, 
substituted thiocarbonyl, substituted iminocarbonyl or unsubstituted or substituted phosphono. aminomethyl, 
thiomethyl, sulfinylmethyl, sulfonylmethyl or phosphonomethyl; 

European Patent Application No. EP0275101, published July 20, 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



R-3 O 

40 . ■ .NH 




wherein R 2l R 3 , R 3 , R b , n, X and Q are as defined therein including R 2 is an amino acid side chain, R 3 is 
hydrogen, alkyf, cyclohexyl. cyciohexylmethyl. phenyl, benzyl. 2-pyridylmethyl or an amino acid side chain. 
R a is an amino acid side chain. R b is hydrogen or alkyl or R a and R b taken together are -CH 2 -CH 2 -, n is 1- 
10. X is hydrogen. CH 2 , aikoxy, substituted alkoxy. alkyl. phenyl, benzyl, cyclohexyl, cyciohexylmethyl or 2- 
pyridylmethyl and Q is hydrogen, alkyl, arylakyl. alkoxycarbonyl or an amino acid residue; 

PCI Patent Application No. WO 89/01488. published February 23, 1989. discloses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 
-E^c-F— Giz-H^-I^-Z 

wherein Etc. F, 1 , Gi. 2l Hi 3 . Ui and Z are as defined therein including -Eic-P: i - is 



55 
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to 



75 



20 



25 



30 



35 



50 



cleavage site of angiotensinogen having the formula 
-T-<C)„-W-<D) n -V-(E) n -U 

wherein T, C, W, D. V, E. U and n are as defined therein including nis 0-1. T is Sta. PhSta. Cysta. Leu, 
CyclohexylAla or Phe, W is absent. Leu. Gty or lie. V is absent, Leu or lie, C is -CH 2 NH-. -CH(OH)CH 2 - or 
-CH(OH)-CH = CH-C(0)-. D is -CH 2 NH-, E is -CH 2 NH- or -CH 2 N(Cbz)- and U is -NHCH 2 Ph, -NHCH 2 - 
cyciohexyl. -NH 2( -NH(piperidin-4-yl), -NHCH 2 (pyrid-2-yl), -NHCH 2 CH<CH 3 )CH 2 CH 3 , -OMe. -OEt. 



N H CH 2 — ^ \ - CH 2 P h 




XX « ^ 

- NHCH 2 *-^^CH 2 NHZ - NHCH 2 ^^ CH 2 NH 2 

European Patent Application No. EP0314060. published May 3. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 
-W-U 

wherein W and U are as defined therein including W is Sta. Cysta. PhSta, ChSta. DFKSta. DFKCys, 
DFKChs. ASta or ACys and U is -NHCH 2 CH 2 (morpholin-1-yl), -NHCH 2 CH(CH 3 )CH 2 CH 3l -NHCH(CH 2 OH)- 
CH(CH 3 )CH2CH3, -LeuNHCH 2 Ph, -LeuNHCH 2 -cyclohexyl. -LeuNH(piperidin-4-yl), -LeuNHCH 2 (pyrid-2-yt) or 



European Patent Application No. EP0310918. published April 12. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



OH 

,NH 




wherein R 3 and R* are as defined therein including R 3 is isobutyl. cyclohexylmethyl or benzyl and R 4 is 
phenyl, furyl. vinyl, ethyl or 1 ,2-dihydroxyethyl; 
*° French Patent Application No. FR8700560. published July 22. 1988. discloses mimics of the Leu-Val 

cleavage site of angiotensinogen having the formula 

R O 

J5 U-^U • NH - CH 2 - B 



NH_^ O 



wherein R. U and B are as defined therein including R is hydrogen or hydroxyaikyirU is Leu. Ala. Vai or lie 
55 and B is pyridyl; 

European Patent Application No. EP0236948. published September 16, 1987, discloses mimics of the 
Leu-Val cleavage site of angiotensinogen having the formula 
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OH OH 



5 




OH OH 



jo 




wherein Ri , G12, H» 3 and X are as defined therein including R1 is hydrogen, alkyl. aryl. cycloaikyl. 
heterocyclic, alkoxy or thioaikoxy, G12 is absent, an amino acid residue or an amino acid residue wherein 
the alpha-amino group has been replaced by O. H :3 is absent, an amino acid residue or an amino acid 
residue wherein the alpha-amino group has :been replaced by o'and X is hydrogen, alkyi or substituted 
alkyl as defined therein; 

European Patent Application No. EP0312291, published April 19. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula " . 



25 




30 ' 

' ■ ' ' ■■''/' 

wherein R, , Y, X and E are as defined therein including Ri is hydrogen, alkyl, aryl, cycloaikyl, 1 .3-dithiolan- 
2-yl or i,3-dithian-2-yl, X is -CH 2 -C(Ri 3XR1 *)-wherein R, 3 and Ru are independently selected from 
hydrogen, alkyl, aikenyl.-carboxy, aminocarbonyl, substituted aminocarbonyl, substituted alkyl, alkanoyloxy. 
35 substituted aminocarbonyloxy, substituted carbonylamino, substituted aminocarbonylammo, substituted sul- 
finyt, substituted sulfonyl, substituted sulfide, amino, alkylaminb, dialkylamino or heterocyclic, Y is CH 2 , O. 
S. SO or SO2 or X and Y taken together is -(CH 2 }4- and E is hydrogen, aryl, heterocyclic, alkyl, cycloaikyl 
or substituted alkyl; 

European Patent Application No. EP0312283, published April 19. 1989. discloses mimics of the Leu-Val 
j Q cleavage site of angiotensinogen having the formula 



45 




E 



50 wherein R1 , X and E are as defined therein including Rt is hydrogen, alkyl, aryl, cycloaikyl; 1 ,3-dithiolan-2- 
yl or 1 ,3-dithian-2-yl, X is *CH 2 -C(Ri 3 )(R! *) - wherein R, 3 and R^ 4 are independently selected from 
hydrogen, alkyl, alkenyl, carboxy. aminocarbonyl, substituted aminocarbonyl, substituted alkyl, alkanoyloxy. 
substituted aminocarbonyloxy, substituted carbonylamino, substituted aminocarbonylamino. substituted sul- 
finyl, substituted sulfonyl, substituted sulfide, amino, alkylamino, dialkylamino or heterocyclic and E is 

55 hydrogen, aryl, heterocyclic, alkyl, cycloaikyl or substituted alkyl; 

European Patent Application No. EP0312158, published April 19. 1989, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 
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wherein R- is hydrogen, alkyl, aryl, cyctoaikyl, heterocyclic, alkoxy or thioalkoxy, -Rt i is hydrogen, alkyl, 
benzyi. cycloalkyl. hydroxyaikyl. cycioalkylaikyl. arylalkyl, (heterocyclic)alkyl, alkoxyalkyl or thioalkoxyalkyl, 
R2 ! is hydroxy or amino. R22 is hydrogen or alkyl and R23 is hydroxy, amino, hydroxyaikyl, aminoaikyl, aryl 
or alkyl, R2* is Ri hydroxy, amino, hydroxyaikyl or aminoaikyl, G12 is absent or an amino acid residue. H13 
is absent or an amino acid residue, In is absent or an amino acid residue and Z is hydroxy, substituted 
alkoxy, substituted amino or cyclic amino; 

European Patent Application No. EP0275101. published July 20. 1988. discloses mtmics of the leu-Val 
cleavage site of angiotensinogen having the formula 
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The term "substituted amino" as used herein refers to: 
I) alkyiamino. 
It) diaikylamino, 

III) (hydroxyalkyl) (alkyl)amino. 

IV) (dihydroxyaikyl) (alkyl)amino, 

V) aikoxycarbonylalkylamino. 

VI) carboxyaikylamino. 

VII) (amino)carboxyalkyiamino. 
- VIII) {(N-protected)amino)carboxyaikylamino. 

IX) (aikylamino)carboxyalkylamino. 

X) (<N-protected)aikylamino)carboxyalkylamino. 

XI) (dialkyiamino)caboxyalkyiaminoV 

XII) (amino)alkoxycarbonylalkyiamino. 
_„.„.XiliL((N-protected)amino)alkoxycarbonylalkyiamino.- — 

XIV) (alkylammo)alkoxycarbonylalkylamino. 

XV) ((N-protected)alkylamino)alkoxycarbonyl alkyiamino. 

XVI) (dialkylamino)alkoxycarbonylalkylamino, 

XVII) (alkoxyalkyl) (alkyl)amino. 

XVIII) (alkoxyalkoxyalkyl) (alkyl)amino. 

XIX) di-(aikoxyaikyl)amino, 

XX) di-(alkoxyalkoxyalkyl)amino. 

XXI) di-(hydroxyaikyl)aminb, ■ . 

XXII) ((unsubstituted heterocyclic)alkyl) (alkyl)amino, 

XXIII) {(substituted heterocyclic)alkyl) (alkyl)amino. 

XXIV) ' 

">V 

/herein aa is 1 to 5 and R s and R 7 are independently selected from 

1 ) hydrogen, 

2) hydroxy, 

3) alkoxy, 

4) thioalkoxy, 

5) alkoxyalkoxy, 

6) carboxy, 

7) alkoxycarbonyl, 

8) halogen, 

9) amino, 

10) alkyiamino, 

1 1 ) dialkylamino, 

12) alkylsulfonylamino. 

13) arylsulfonylamino, 

14) alkylammocarbonyiamino, 

15) alkylaminocarbonyloxy, 

16) alkoxycarbonyloxy, 



17) 




(CH 2 )dd N 



wherein dd is 1 to 5. 
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wherein r, R 7 . R*. Rio, Rg. Rtoa. Q and J are as defined therein including r is 1-4, R 7 is alkyl. aryl- or 
cycloalkyl. R* is hydrogen, alky I. alkenyl, cycloalkyl. aryl or substituted alkyl; R< c and Ri Qa are indepen- 
dently selected from hydrogen and alkyl. R 9 is -<CH 2 ) S -NR« i Rt 2 wherein s is 1-2 and Ri 1 and R12 are 
independently selected from hydrogen, heterocyclic, aryl, cycloalkyl. alkyl, arylaikyl. (heterocyclic)alkyl. 
ammoalkyl, hydroxyalkyl, alkylaminoalkyl, dialkylaminoalkyl. carboxy, alkyl substituted by -SO3H. aminocar- 
bonylalkyl, alkylaminocarbonylalkyl or dialkylaminocarbonylalkyl. Q is -CH(OH)-. -CH(N(R 8 ))-, -CH(OH)CH 2 - 
or -CH(N(R 8 ))CH2-wherein Rs is hydrogen, alkyl. formyl, alkanoyt. aroyl, alkoxycarbonyl. aryloxycarbonyl or 
araylalkoxycarbonyl and J is substituted aikylamino or substituted alkoxy; 

European Patent Application No. EP0312157, published April 19. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein r, R 7 , R*. R^o, R9. Rio a . "Q and J are as defined therein including r is 1-4. R 7 is alkyl, aryl or 
cycloalkyl, R 4 is hydrogen, alkyl, alkenyl, cycloalkyl, aryl or substituted alkyl, Rio and R 10a are indepen- 
dently selected from hydrogen and alkyl, R 9 is -(CH 2 ) s -NRm Ri 2 wherein s is 1-2 and R?i and R12 are 
independently selected from hydrogen, heterocyclic, aryl. cycloalkyl, alkyl, arylaikyl, (heterocyclic)alkyi. 
ammoalkyl, hydroxyalkyl. alkylaminoalkyl, dialkylaminoalkyl, carboxy. alkyl substituted by -SChH, aminocar- 
bonylaikyl. alkylaminocarbonylalkyl or dialkylaminocarbonylalkyl, Q is -CH(OH)-, -CH(N(R 8 )K -CH(OH)CH 2 - 
or -CH(N(Rs))CH 2 -wherein R 8 is hydrogen, afkyl, formyl, alkanoyl, aroyl. alkoxycarbonyl. aryloxycarbonyl or 
araytaikoxycarbonyl and J is substituted aikylamino. substituted alkoxy, heterocyclic, heterocyclicamino or 
substiute guanidino: 

European Patent Application No. EP0314239. published May 3, 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



O 




wherein r. R7. R*. Q and J as defined therein including r is 1-4, R7 is alkyl, aryl or cycloalkyl, Ri is 
hydrogen, alkyl, aikenyl, cycloalkyl, aryl or substituted alkyl. Q is -CH(OH)-, -CH(N(R 8 ))-. -CH(OH)CH 2 - or 
-CH(N(Rg))CH2-wherem R 3 is hydrogen, alkyl, formyl. alkanoyl, aroyl, alkoxycarbonyl, aryloxycarbonyl or 
araylalkoxycarbonyl and J is amino, hydroxy. 'substituted aikylamino or substituted alkoxy; 

South African Patent Application No. 866642. published February 24. 1987, discloses mimics of the 
^Leu-Val cleavage site of angiotensinogen having the formula- . .... _ . _ _ 
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to 



15 



20 



40 



45 




NH — (alkyL or amino acid aikyiamide) 



wherein R and R are as defined therein including. r' is fluoro and r" is hydrogen or fluoro: 

European Patent Application No. EP0273696. published July 6. 1988, discloses mimics of the.Leu-Val 
cleavage site of angiotensinogen having jhe .formula _ _ 



^10 



wherein n. R 2( R 1C and E are as defined therein including n is 0-5. R 2 is hydrogen or alkyl, R- c is alkyt. 
cycloalkyl, cycloalkylalkyl, ' aryialkyl, (heterocyclic)alkyl, alkoxyalkyl, thioalkoxyalkyl. hydroxyalkyl or am.npal- 
kyl and E is -CH(W)-G wherein W is hydroxy, amino, alkanoyioxy or alkanoyloxyalkyloxy and G is -G-C(O)- 
T-U-V wherein Q is a bond or -CH(R, 3 )- wherein R, 3 is hydrogen, aryt. alkyl, cycloalkyl or substituted alkyl. 
25 T and U are independently absent or selected from an amino acid residue and V is hydroxy, substituted 
alkoxy, amino or substituted amino: 

European Patent Application No. EP0278158. published August 17. 1988. discloses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 

30 R 7 



V 



35 • n <\0 

wherein n. R 7 . R 10 and E are as defined therein including n is 0-3, R 7 is alkyl or substituted alkyT, R. 0 ts 
alkyl. cycloalkyl. cycloalkylalkyl, aryialkyl, (heterocyciic)alkyl., alkoxyalkyl. thioalkoxyalkyl, hydroxyalkyl' or 
aminoalkyl and E is -CH(W)-G wherein W is hydroxy, amino, alkanoyioxy or alkanoyloxyalkyloxy and G is 
-Q-C(0)-T-U-V wherein Q is a bond or -CH(R 13 )- wherein R, 3 is hydrogen, aryl. alkyl, cycloalkyl or 
.substituted alkyl, T and U are independently absent or selected from an ammo actd residue and V is 
hydroxy, substituted alkoxy, ammo or substituted amino; 

German Patent Application No. DE3721855. published September 22. 1988. discloses mimics of the 
Leu-Val cleavage site of angiotensinogen having the formula - 



? 2 < ?4 

,N. 



50 



k (CHR 5 ) n -^ E . N(Rs) . D 



wherein n, R 2 . R 3 , R*. R 5 , R 5( E and D are as defined therein including n is 1-2, R 2 is hydrogen or alkyl. R 3 
is hydrogen, alkyl, aryl. aryialkyl. (heterocyclic)alkyl. cycloalkyl. alkoxy or cycloalkylalkyl, R 4 is (H.OH). 
55 (H.NH 2 ) or O, R 5 is hyd?ogen or alkyl, R 6 is hydrogen or alkyl, E is 0-2 amino acid residues and D is 
-CH 2 CHOHCH 2 OH. substituted sulfonyl, substituted sulfonyialkyl, substituted carbonyl, substituted 
phosphonyl, phenyl, phenylalkyl. furyl, furylalkyl, thienyl. thienylalkyl. pyridyi, pyridylalkyi or other 
(heterocyciic)alkyl; 
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and 

18) Rs-Z- wherein 

2 is O. S or NH and R« is a Ci to C& straight or branched carbon chain 

substituted by a substituent selected from hydroxy, alkoxy, thioaikoxy, alkoxyaikoxy, amino, alkylamino. 
5 diaikylamino, carboxy, alkoxycarbonyt, aryl and heterocyclic: 

. XXV) 




R 9 N — 



'0 




wherein R° is 

1) O. 

2) S. 

3) S0 2 or 

4) C = 0: or 



20 




25 

wherein Ri o is 

1 ) hydrogen, 

2) loweralkyl, 

3) an N-protecting group or 

.30 4) R:,-C<0)- wherein Rm is aminoalkyl, (N-protected)aminoalkyl, 1 -amino-2-phenylethyl or 1-(N- 

protected)amino-2-phenytethyL 

The term "substituted methylene group" as used herein refers to: 
(I) -CHR13R1* wherein 

1) R'3 is 
35 i) hydrogen or 

ii) hydroxy 
, and 

2) R<* is 
i) hydrogen, 

■*o ii) loweralkyl, 

iii) hydroxy, 

iv) hydroxyalkyl, 

v) alkoxy, 

vi) alkoxyalkyl, 
45 vii) azido. 

viii) azidoalkyl. 

ix) amino, x) (N-protected)amino, 

xi) aminoalkyl. 

xii) (N-protected)aminoalkyl, 
so xiti) alkylamino, 

xiv) (N-protected) (alkyl)amino. 

xv) alkyiaminoaikyl, 

xvi) (N-protected) (alkyl)-aminoalkyl, 

xvii) diaikylamino, 

55 xviii) dialkylaminoalkyl, 

xix) carboxyalkyl. 

xx) thioaikoxy, 

xxi) thioalkoxyalkyl, 
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xxti) alkylsulfonyl, xxiii) alkylsulfonylalkyl. 

xxiv) thioaryioxy, 

xxv) thioaryloxyalkyl, , . •' 

xxvi) aryisulfbnyl, xxvii) aryisulfbnylalkyl,* 
5 xxviii) (unsubstituted heterocyclic)alkyl or 

xxvix) (substituted heterocyciic)alkyl 

such that when R,, is hydroxy then R, 4 is not hydroxy, alkoxy, azido. am.no. alkylam.no, dialkytamino (N- 
protected)ammo. (N-protected) (alkyl)am.no. th.oalkoxy. alkylsulfonyl or arylsuifonyl. and such that when R n 
is hydrogen then R u is not hydrogen or loweralkyi; 
JO (II) -C( = CH 2 )C(0)NHR, 5 , 

(ill) -C(OH) (R, 6 )C(0)NHR 15 or 
" (IV)"-CH(R, 6 )C(0)NHR, 5 wherein ' — 

1) R15 is 

- i)-loweralkyl r — .. — — — r „„_ — — — — ^_ _„ — 

'5 ii) hydroxyalkyl. ' 

iii) alkoxyalkyl, 

iv) aminoalkyl, - 

v) alkylaminoalkyl, 

vi) dialkylaminoalkyl, 
20 vii) aryl, 

viti) heterocyclic or 

ix) (heterocyclic)aikyl and ~ ' V " 

2) .Rt 6 is . 
i) hydrogen, 

25 ii) loweralkyi, 

iii) hydroxyalkyl, 

iv) haloalkyl or . 

v) azidoaikyl; 

30 ■ (V) 

-CH 2 C(0)NH-(CH 2 ) t -R 




J5 

wherein 

V) t is 0 to 3. 

2) R 20 is 

40 ') CH 2 or 

ii) N and . 

3) R 21 is . 1 

i) NH, 
" it) 0, 
45 iii) S or iv) S0 2( 

such that when t is 0 then R 20 is CH 2 and when t is 1 to 3 then R 20 is N, 
(VI) -CH2CH(R2 2 )C(0)NHR 23 wherein 

1) R 22 is 
i) loweralkyi or 

50 ii) cycloalkylalkyl 
and 

2) R 23 is 

i) loweralkyi, 

ii) hydroxyalkyl, 
55 iii) alkoxyalkyl, 

iv) aminoalkyl, 

v) alkylaminoalkyl, 

vi) dialkylaminoalkyl. 



42 



EP 0 364 804 A1 



vii) aryl. 

viii) arylalkyl 

ix) heterocyclic. 

x) (heterocyclic)alkyl or 



xi) 



-<CH 2 ) U — R24 




wherein 

a) u is 0 to 3. 

b) R2A is CH 2 or N and 

c) R 2 s is NH. O, S or S0 2 , 

such that when u is 0 then R24 is CH2 and 
when u is 1 to 3 then R24 is N; 



20 



(VI Z ) 



-CH 2 CH(R 22 )-C(0)-N 




25 

wherein 

1) R22 is as defined above and 

2) R74 is 
i) hydrogen, 

3Q ii) loweralkyl, 

iii) an N-protecting group or * 

iv) R75-C(0)- wherein R75 is aminoalkyl or (N-protected)aminoalkyl; 



35 



(VIII) 




-CH 2 CH(R26)C(O)NHCH(R27)C(0)NHCH2 N 



jo 



45 



50 



55 



wherein 

1) R 2 € is 

i) loweralkyl or 

ii) cycloalkylalkyl and 

2) R 27 is 

i) loweralkyl or 

ii) cycloalkylalkyl; 

(IX) -CH2CH(R 8 ONHC(0)R82 or 
v CH2CH(R 8 i)NHS(0) 2 R82 wherein 

1) R 8 t is 

i) loweralkyl or 

ii) cycloalkylalkyl and 

2) R 82 is 

i) loweralkyl, 

ii) alkoxy. 

iii) alkylamino. 

iv) dialkylamino. 

v) -OR" wherein R* is aminoalkyl, alkylaminoaikyl, dialkylaminoalkyl or (heterocyctic)alkyl or 
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wherein B21 is ' 
as defined above; 

. (X) -CH 2 NHC(0)R 8 2 or -CH 2 NHS(0) 2 R82 wherein R 8 2 is as defined above; or 
10 (XI). -CF 2 CH(OH)Rs3 wherein R 33 is toweraJkyl, loweralkenyl, cycloalkyl, cycloalkenyl, cycioalkylalkyi. 

cycioatkenylaikyl, aryl, arylalkyi, heterocyclic or (heterocyclic)alkyl. 

The chiral- centers ■■ of the compounds of . the; invention may have either the "R'\ "S"^ or -"R;S" 
configuration. The terms "R" and "S'\ configuration are as defined by I UP AC 1974 Recommendations for 

. _ .Section E,_ Fundamental Stereochemistry. Pure Appl. Chem. (1976) 45. 13-3Q: _ 

;5 The term "N-protecting group" or "N-protected" as used herein refers to those groups intended to 

protect nitrogen atoms against undesirable reactions during synthetic procedures or to prevent the attack of 
. exopeptidases on the final compounds or to increase the solubility of the final compounds and, includes but 
■is not limited to acyl, acetyl, pivaloyl. t-butylacetyl, trichloroethoxycarbonyl, t-butyloxycarbonyi (Boc), 
benzyloxycarbonyi \(Cbz) or benzoyl groups or an I- or Daminoacyl residue, which may itself be N- 
20 protected similarly.- , 

The term "loweralkyl" as used herein refers to straight or branched chain alkyl radicals containing from 
1 to 6- carbon atoms including but not limited to methyl, ethyl, n-propyl, iso-propyl. n-butyl, iso-butyl. sec- 
butyl, 2-methylhexyl, n-pentyl. 1 -methylbutyi, 2.2-dimethylbutyl, 2-methylpentyl, 2,2-dimethylpropyl, n-hexyl 
and the like. • 

25 The term "loweralkenyl" as used herein refers to a loweralkyl radical which contains at least one 

carbon-carbon double bond. * 

The term "aminoalkyi" as used herein refers to -NH 2 appended to a loweralkyl radical. 
The term 1 "hydroxyalkyl" as used herein refers to -OH appended to a loweralkyl radical. 
The term "alkylamino" as used herein refers to a loweralkyl radical appended to an NH radical. 
30 . ~*~ ne * erm "cycloalkyl" as used herein refers to. an aliphatic ring having 3 to 7 carbon atoms. 

The term "cycioalkylalkyi" as used herein refers to an cycloalkyl group appended to a .loweralkyl 
radical, including; but not limited to cyciohexylmethyl and the like. 

The term "cycloalkenyl" as used herein refers, to an aliphatic ring having 3-7 carbon atoms 'and also 
having at least one carbon-carbon double bond including, but not limited to, cyclohexenyl and the like.. 
35 Tne term "cycloalkenylalkyl" as used herein refers to a cycloalkenyl group appended to a loweralkyl 

radical. ' 

The terms "aikoxy" and "thioaikoxy" as used herein refer to R3cO- and R30S-, respectively, wherein 
R3C is a loweralkyl group or a cycioaikyl group. 

The term "aikoxyalkoxy " as used herein refers to ah aikoxy group appended to an aikoxy radical. 
J0 including, but not limited to methoxymethoxy and the like. 

The term "alkoxyalkyl" as used herein refers to an aikoxy group appended to a loweralkyl. radical. 

The -term "(thioaikoxy)alkyr as used herein refers to thioalkoxy appended to a loweralkyl radical. 

The term "dialkylamino" as used herein refers to -NR31R32 wherein R31 and R32 are independently 
selected from loweralkyl groups. 
45 The . term "({alkoxy)alkoxy)alkyl M refers to an aikoxy group appended to an aikoxy group which is 

appended to a loweralkyl radical. 

The term, "{hydroxyaikyi)(alkyt)amino" as used herein refer to -NR33R3A wherein is hydroxyalkyl 
and R34 is loweralkyl. 

The term "(N-protected)(alkyl)amino" as used herein refers to -NR34.R3S wherein R34 is a loweralkyl 
50 ' group and R35 is an N-protecting group. 

The term "N-protected aminoalkyl" as used herein refers to 'NHRss appended to a loweralkyl group, 
wherein R35 is an N-protecting group. 

The term "alkylaminoalkyl" as used herein refers to NHR35 appended to a loweralkyl radical, wherein 
R36 is a loweralkyl group. 

55 The term "(N-protected)(alkyt)aminoaikyl" as used herein refers to NR35R35, which is appenaed to a 

loweralkyl radical, wherein R3S and R35 are as defined above. - 

The term "dialkylaminoalkyl" as used herein refers to NR39R40 is appended to a loweralkyl radical 
wherein Rss and R 40 are independently selected from loweralkyl. 
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The term "carboxyalkyl" as used herein refers to a carboxyiic acid group (-COOH) appended to a 
loweralkyl radicaf. 

The term "alkoxycarbonylalkyl" as used herein refers to R4iCOR*2- wherein R 4 i is an alkoxy group 
and R*2 is a loweralkyl radical. 
5 The term "(amino)carboxyalkyl" as used herein refers to a loweralkyl radical to which is appended a 

carboxyiic acid group (-COOH) and an amino group (-NH 2 ). 

The term "((N-protected)amino)carboxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended a carboxyiic acid group (-COOH) and -NHR43 wherein R43 is an N-protecting group. 

The term M {aikylamino)carboxylafkyr as used herein refers to a loweralkyl radical to which is appended 
to a carboxyiic acid group (-COOH) and an alkylamino group. 

The term "{(N-protectedjalkytaminojcarboxyalkyr as used herein refers to a loweralkyl radical to which 
is appended a carboxyiic acid group (-COOH) and an -NR0R44. wherein R* 3 is as defined above and Rai is 
a loweralkyl group. 

The term "(dialkylamino)carboxyaikyr as used herein refers to a loweralkyl radical to which is 
75 appended a carboxyiic acid group (-COOH) and -NR45R4S wherein R*s and R*s are independently selected 
from loweralkyl. 

The term "(aminojalkoxycarbonylalkyl" as used herein refers to a loweralkyl radical to which is 
appended an alkoxycarbonyl group as defined above an amino group (-NH2). 

The term "((N-protected)amino)aIkoxy-carbonylaikyl M . as used herein refers to a loweralkyl radical to 
20 which is appended an alkoxycarbonyl group as defined above and -NHR43 wherein R43 is as defined above. 

The term "(alkytamino)alkoxycarbonylalkyl" as used herein refers to a loweralkyl radical to which is 
appended an alkoxycarbonyl group as defined above and an alkylamino group as defined above. 

The term "{(N-protected)alkytamino)alkoxycarbonylalkyr* as used herein refers to a loweralkyl radical to 
which is appended an alkoxycarbonyl group as defined above and -.NRoR** wherein Ro and R44 are as 
25 defined above. 

The term "(dialkylaminoialkoxycarbonyalkyl" as used herein refers to a loweralkyl radical to which is 
appended an alkoxycarbonyl group as defined above and -NR43R44 wherein R43 and R44 are as defined 
above. 

The term "carboxyalkytamino" as used herein refers to -NHR47 wherein R47 is a carboxyalkyl group. 
30 The term "alkoxycarbonylalkylamino" as used herein refers to -NHR48 wherein R43 is an alkoxycar- 

' bonylalkyl group. ~ 
The term M (amino)carboxyalkylamino" as used herein refers to -NHR49 wherein R49 is an (amino)- 
carboxyalkyl group. 

The term "{(N-protected)amino)carboxyalkylamino" as used herein refers to -NHR50 wherein R50 is an 
35 ((N-protected)amino)carboxyalkyl group. r: 
The term"(alkylamrno)carboxyaikylamino'' as used herein refers to -NHR51 wherein R, - is an 
(alkylamino)carboxyalkyl group. 

The term M {(N-protected)alkylamino}carboxyalkylamino M as used herein refers to -NHRc 2 wherein R* 2 is 
an ((N-protected)alkylamino)carboxylalkyl group. 
40 The term ,T (dialkylamino)carboxyalkylamino" as used herein refers to -NHR53 wherein R53 is a 

(dialkylamino)carboxyalkyl group. 

The term"(amino)alkoxycarbonylalkytamino" as used herein refers to -NHRc t wherein R5* is an 
(amino)alkoxycarbonylaikyl group. 

The term "(N-protected)amino)alkoxycarbonylalkyiamino" as used herein refers to -NHR55 wherein R55 
45 is an ((N-protected)amino)alkoxycarbonylalkyl group. 

The term "{alkylamino)alkoxycarbonylalkylamino M as used herein refers to -NHRcj wherein R55 is an 
(alkylamino)alkoxycarbonylalkyl group. 

The term M ((N-protected)alkylamino)alkoxycarbonylalkylamino" as used herein refers to NHR57 wherein 
R57 is an ((N-protected)alkylamino)alkoxycarbonylalkyl group, 
so The term "(dialkylamino)aikoxycarbonylalkylamino M as used herein refers to -NHR53 wherein R53 is a 

(dialkylamino)alkoxycarbonylalkyl group. 

The term "polyalkoxy" as used herein refers to -OR59 wherein R?3 is a straight or branched chain 
containing 1 -5. C g g-0-Ch h linkages wherein gg and hh are independently selected from 1 to 3, including, but. _ . 
not limited to methoxyethoxymethoxy. ethoxyethoxymethoxy and the like. 
55 The term "(dihydroxyalkyl)(alkyl)amino" as used herein -refers to a loweralkyl group which is disub- 

stituted with -OH radicals, appended to an amino group, which amino group also has appended another 
loweralkyl group. 

The term "di^hydroxyalkyOamino" as used herein refers to -NR$oR6i wherein R*c and R51 are 
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hydroxyaikyl residues. . 

The term M alkoxyalkyl(alkyl)amtno" as used herein refers to -NR^R^ wherein R 62 is an aikoxyalkyl 
group and R&a is a loweraikyl group. 

The term "di-(alkoxyaikyl)amino" as used herein refers to -NR ;i R ?5 wherein Re a and R 5 v are 
aikoxyalkyl groups. - 

The term M (alkoxyatkoxyalkyl)(alkyl)amino": as used herein refers to.-NR 6S Rs 7 wherein R 55 .s an 
alkoxyalkoxyalkyl group and R S7 is a loweraikyl group. 

The term "dHaikoxyalkoxyalkyl)amino". as used herein refers to -NR 63 R 69 wherein R 58 and R 59 are 
alkoxyalkoxyalkyl groups. 

The terms "((unsubstituted heterocyclic)alkyi)(alkyl)amino and ((substituted heterocyciic)alkyi)(alkyl)- 
amino" as used herein refer to an amino radical substituted by a toweralkyl group. and an (unsubstituted 
heterocyciic)alkyl group or a (substituted heterocyclic)alkyl group, respectively. 

The term "(heterocyclic)alkyl" or "heterocyclic ring substituted alkyl" as used herein refers to a 
— ■heterocyclic-group-appende^^ 

/5 thiazoiylmethyl. , 

The term "azidoalky!" as used herein refers to -f\h appended to a loweraikyl radical. 
The term "alkylsulfonyl" as used herein refers to R 70 S(O) 2 - wherein R 73 is a loweraikyl residue. 
The term "alkylsulfonylalkyl" as used herein refers to an alkylsulfonyl group appended to a loweraikyl 
radical, - ( . 

so The term "aryl" as used herein refers to a monocyclic or bicyclic carbocyclic ring system having one or 

more aromatic rings including, but not limited to, phenyl, naphthyl, tetrahydronaphthyi, indanyl and the like; 
or "aryl" refers to a heterocyclic aromatic ring as defined below. Aryl groups can be unsubstituted or 
substituted with one. two or three substituents independently selected fromvloweralkyl. haloalkyl, alkoxy, 
thioalkoxy. amino, alkylamino. dialkylamino. hydroxy, halo, mercapto, nitro. carboxaldehyde. carboxy. 

25 carboalkoxy and carboxamide. 

The term "arylalkyl" as used herein refers to an aryl group appended to a loweraikyl radical including, 
but not limited to. benzyl, naphthyimethyl and thelike; .. ■ " 

The terms "aryloxy" and "thioaryloxy" as used herein refer to R 7 ^0- or R 7 tS-. respectively, wherein 
R 7 is an aryl group. 

30 The terms "aryloxyalkyl" and "thioaryloxyalkyr as used herein refer to an aryloxy group or a 

thioaryloxy group, respectively, appended to a loweraikyl radical. 

The terms "arylaikoxy " and "arylthioalkoxy" as used herein refer to an aryl group appended to an 
alkoxy radical or a. thioalkoxy radical, respectively, including, but not limited to. phenoxymethyl-, thtophenox- 
ymethyl and the like. 

The terms "arylalkoxyalkyl" and "arylthioalkoxyalkyl" as used herein refer to an arylaikoxy group or an 
arylthioalkoxy group, respectively, appended to a loweraikyl radical. 

The term "arylsulfonyl" as used herein refers to R 7 2S(0) 2 - wherein R 72 is an aryl, group. 
The term, "arylsulfonylalkyl" as used herein refers to an arylsulfonyl group appended. to a loweraikyl 
radical. 
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The term "alkylsulfonylamino" as used herein refers to R 75 NH- wherein R 75 is an alkylsulfonyl group. 
The term "arylsulfohylamino" as used herein refers R77NH- wherein R 77 is an arylsulfonyl group. 
The term "(heterocyclic)suifonyr as used herein refers, to R 72a S(0)2- wherein R 72a is a heterocyclic 
group. 

The term "alkylaminocarbonylamino" as used herein refers to R 78 NHCONH- wherein R 73 is a loweraikyl 
45 group. ' : 

The term "aikylaminocarbonyloxy ,, as used herein refers to R 79 NHC(0)0- wherein R 79 is a loweraikyl 
group. . " . 

. The term "alkoxycarbonyloxy" as used herein refers to R 8 oOC<0)0- wherein R 30 is a loweraikyl group. 
The term "halo" or "halogen" as used herein refers to CI, Br, F or I substituents. 

The term "haloalkyl" as used herein refers to a loweraikyl radical in which one or more hydrogen atoms 
are replaced by halogen including, but not limited to. fluoromethyl, 2-chloroethyl, ' trifluoromethyl. 2.2- 
dichloroethyl and the like. 

The term ,f O-protecting group" as used herein refers to a substituent which protects hydroxy! groups 
and includes but is not limited to substituted methyl ethers, for example, methoxymethyl, benzyloxymethyl, 
2-methoxyethoxymethyl, 2-(trimethylsiiyl)ethoxymethyl and tehahydropyranyi; substituted ethyl ethers, for 
example, 2.2,2-trichloroethyl, t-butyl, benzyl and triphenytmethyl; silyl. ethers, for example, trimethylsilyl. t- 
butyldimethylsilyl and t-butyldiphenylsilyl; cyclic acetals and ketals. for example, methylene acetal. ac- 
etonide and benzylidene acetal; cyclic ortho esters, for example, methoxymethylene; cyclic carbonates; and 
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cyclic boronates. 

The term "heterocyclic group" or "heterocyclic'* as used herein refers to any 3- or 4* mem be red ring 
containing a heteroatom selected from oxygen, nitrogen and suifur. or a 5- or 6-membered ring containing 
from one to three heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur: wherein 

5 the 5-membered ring has 0-2 double bonds and the 6-membered ring has 0-3 double bonds: wherein the 
nitrogen and sulfur heteroatoms may optionally be oxidized; wherein the nitrogen heteroatom may optionally 
be quaternized; and including any bicyclic group in which any of the above heterocyclic rings is fused to a 
benzene ring or another 5- or 6-membered heterocyclic ring independently as defined above. Heterocyclics 
in which nitrogen is the heteroatom are preferred. Fully saturated heterocyclics are also preferred. Preferred 

/o heterocyclics include: pyrryi, pyrrolinyl, pyrrolidinyl, pyrazoiyl. pyrazolinyl. . pyrazolidinyl. imidazqlyl. im- 
idazoiinyl, imidazolidinyl, pyridyl, piperidinyl, pyra2inyl, piperazmyl, N-methyl piperazinyi. azetidinyl, N- 
methyl azetidinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl. isoxazolidinyl, morpholinyi. 
thiazolyl, thiazolidinyl, isothiazolyl, isothiazoiidinyl, indolyl, quinolinyl, isoquinolinyl. benzimidazolyl, ben- 
zothiazolyl, benzoxazolyl, furyl, thienyl, trtazolyl and benzothienyl. 

is Heterocyclics can be unsubstituted or monosubstituted or disubstituted with substituents independently 

selected from hydroxy, halo, oxo ( = O). alkylimino (R*N = wherein R" is a loweralkyl group), amino, 
alkylamino. dialkylamino/alkoxy, thioalkoxy, polyalkoxy, loweralkyl. cycloalkyl or rialoalkyl. 

The most preferred heterocyclics include imidazolyl, pyridyl, piperazinyi, N-methyl piperazinyi, 
azetidinyl, N-methyl azetidinyl, thiazolyl, thienyl, triazolyl and the following: 

20 ■ 
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35 wherein b is 1 or 2 and W is N, NH, O, S. provided that W is the point or connection only when T is N, 
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•*5 wherein Y is NH, N-loweralkyl, O. S. or SO2. or 
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wherein the symbols (i), (ii) and (iii) represent 5-membered heterocycies containing one or more heteroat- 
oms and containing 2 double bonds: wherein Z\ is N, 0, or S and not the point of connection and Zz is N 
when it is the point of connection and NH. O or S when it is not the point of connection. 

The terms "His", "Phe". "HomoPhe\ "Ala". "Leu" and "norLeu" as used herein refer to histidine. 
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phenylalanine, homophenylalanine, alanine, leucine and norleucine. respectively. ^ 

The compounds of the invention may be prepared as. shown in Schemes l-XXIil. The syntheses of 
segments containing substituents D are described in the Examples or have previously been described 
(Kempf. et al.. J. Med. Chem. 1987. 30. 1978; Luly, et al.. J. Med. Chem. 1987, 30. 1609; Buhlmayer, et al., 

5 U.S. Patent No. 4.727,060; Morisawa, et al.. European Patent Application No. 0228192; Ten Brink, PCT 
. Patent Application No. WO87/02986). 

In particular, the process shown in Scheme I discloses the preparation of compounds of the invention 
having the general structure (1) wherein A is carboxy or alkoxycarbonyl and X is NH. As illustrated in 
Scheme I, reductive amination of an amino acid ester (I). with an alpha-keto ester (II, R = loweralkyl) provides 

to a diastereomeric mixture which is separated. Each of the diastereomers is hydrolyzed and coupled to the 
amine (VI) using standard peptide coupling; reagents ^uch as N-methylmorpholine (NMM), 1 -hydrpxyben- 
zotriazole (HOBT) and N-ethyl-N -(3-dimethylaminopropyljcarbodiimide (ED AC) to give the desired com- 
pound (VII). " 
~ ~™— ~ 7eompound~(VII)'can-atso^be^'prepared"using~the" following methodrAfter reductive~amination-of (II) with^ 

is (I), the diastereomeric mixture is hydrolyzed to give (111) and then coupled to amine (VI) as described above. 
The mixture of diastereomers is then separated, providing two separate isomers. Compound (VII) may be 
further hydrolyzed to the acid (VIII). The assignment of R or S configuration to the carbon bearing the R 3 
substituent in compound (VIH) is based on the fact that the compound derived from the L-isomer is 
generally, a more potent renin inhibitor than the compound derived from the corresponding D-isomer. 

20 The stereochemistry at the chiral carbons of (VIII) can also be established by using chiral starting 
materials. As Hlustrated in Scheme II, chiral amino acid ester (XV, „ R = loweralkyl) is reacted with chira] D- 
trifluorosuifonyloxy ester (XVI) to give the single isomer (XVH) which* is then hydrolyzed and coupled to (VI) 
to obtain the desired compound (XVIII). 

Alternatively. Scheme 111 illustrates the preparation of compounds (XI). Reductive amination of (IX, 

25 R 2 = loweralkyl) by (X) provides a mixture of diastereomers which can be. separated. 

A further alternative illustrated by Scheme III involves reductive amination of (IX, R 2 = loweralkyl) by (XII) 
followed by separation of the diastereomers (XIII). Each of the diastereomers is then debenzylated and 
coupled to (VI) as previously described. The methods of Scheme III provide compound (XI) having unknown 
stereochemistry at the carbon bearing the Ri substituent. 

30 The process of Scheme IV discloses the preparation of compounds of the general structure (1) wherein ' 
A is a carboxy derivative R 5 CO- wherein Rs is an amine and X is NH. Selective hydroysis of one of the 
diastereomers (IV) gives the acid derivative (XIX), The acid (XIX) is coupled to the amine Rs-H and the 
resulting amide-ester is hydrolyzed to give (XXI). The acid (XXI) is coupled to amine (VI) to give (XXII). 
Alternatively, compound (VIII) can be coupled to amine (VI) to provide (XXII). 

35 The process in Scheme V discloses the preparation of compounds of the general structure (XXV) - 
wherein R23 is a Ci to C*. straight" or branched carbon chain substituted by a substituent selected from 
carboxy, alkoxycarbonyl, alkyisulfonyl or a substituted or unsubstituted heterocyclic. A reaction sequence 
similar to that used in Scheme I is followed except that compound (XXI11) is employed instead of the amino 
acid ester (I). 

40 The process in Scheme VI discloses the preparation of compounds of general structure (XXIX) wherein 
A is alkoxycarbonyl or R5CO- wherein R$ is a substituted amine and X is O or S. The reaction of an alcohol 
or thiol (XXVI) with the bromo-acid (XXVII) provides a single diastereomer (XXVIII) which is 'then coupled to 
the" amine. (VI) using standard peptide coupling conditions to give the desired product (XXIX). If the racemic 
form of the bromo-acid (XXVII) is used, diastereomer separation can take place with compound (XXVIII) or 

45 (XXIX). • . 

Scheme VII discloses the preparation of compounds of general structure (1) wherein. X is CH 2 and A is 
RsCO-wherein R 5 is hydroxy, aikoxy, thioalkoxy , or an amine. Compound (XXX) (J. Med. Chem. 26 1277 
(1983)) is coupled to amine (VI) to provide the- amide ester (XXXI) which is hydrolyzed to give the 
carboxylic acid (XXXII). Coupling to the appropriate amine provides (XXXIII) wherein R 5 is a substituted 

so amine. 

The process in Scheme VIII discloses the preparation of compounds of the general structure (1) 
wherein X is CHOH. Aldol condensation of an aldehyde (XXXIV) (J. Am. Chem. Soc. 103 2876 (1981)) with 
the chiral oxazolidinone imide (XXXV) (J. Am. Chem. Soc. 103 2127.(1981)) provides (XXXVI). After 
protection of' the secondary alcohol, the benzyl group is removed and the primary alcohol oxidized to the 
55 carboxylic acid (XXXVII). The acid is coupled to the appropriate .amine R3-H, the imide is hydrolyzed, the 
> resulting acid is coupled to the amine (VI) and the alcohol is.deprotected providing the desired compound 
(XXXVIII). ■ " 

Schemes IX-XIII disclose the preparation of intermediates used in Schemes I, V and VI, respectively. In 
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Scheme X, R is loweralkyl. In Scheme XI. R is ioweralkyl, Ts is p-toluenesulfonyl and P is an N-protecting 
group. In Scheme XII. R is loweralkyl, Rs-H is an amine and X is O or S. In Scheme XIII. R$-H is an amine. 

The process in scheme XIV describes the preparation of compounds of the general structure XLII 
wherein R 3 is a Ci to Cs straight or branched alkyl/alkenyl carbon chain or heteroatom substituted carbon 

5 chain substituted by O. S, N or substituted by a substituent selected from a heterocycle or substituted 
heterocycle. Ri is selected from aryl. substituted aryl. heterocycle, substituted heterocycle, cycloalkyl. 
unsaturated cycloatkyl, alkylaryl, alkylheterocycie, alkyl cycloalkyl, alkyl unsaturated cycloalkyl. R 5 is a 
cyclic amine, substituted amine, substituted cyclic amine, aryl, substituted aryl, heterocycle. substituted 
heterocycle. The synthesis of intermediate XL begins by the metalation of the sulfonyl derivative XXXIX with 

io alkyl lithium reagents in THF or THF/HMPA at low temperature according to the procedure sited in 
European Patent Application No. EP0309841. published April 5, 1989. The subsequent anion is trapped with 
the appropriate 2-substituted-3-benzyloxypropyi iodide (prepared from the alcohlol by the procedure of M. 
Holladay; J. Med. Chem. 1983, 26, 1277 ), p-toluenesulfonyi chloride and sodium iodide. The resulting 
diastereomeric sulfonyl ethers XL are deprotected ( H 2 Pd/C or PdOH) and oxidized to the corresponding 

/5 carboxylic acids XLI using a variety of oxidants (KMnOi. Jones. PDC. RuO*. Pt/02). Coupling of the acids 
with mimics of the Leu-Val cleavage site of angiotensinogen (T-H) using standard coupling procedures 
gives the diastereomeric amides XLII and XLIII which are separated to give optically active inhibitors. 

Scheme XV outlines the synthesis of carboxylic acid of the general formula XLIX wherein Rr is Ct to C& 
straight or branched alkyl/alkenyl carbon chain or heteroatom substituted carbon chain substituted by 0. S. 

20 N. or substituted by a substitutent selected from a heterocycle or substituted heterocycle. R is selected 
from aryl. substituted aryl, heterocycle. substituted heterocycle. cycloalkyl, unsaturated cycloalkyl, alkylaryl. 
alkylheterocycie. alkyl cycloalkyl. alkyl unsaturated cycloalkyl. The cyclic amine (n = 1 to 7) is substituted 
with groups V selected from a C< to C& straight or branched alkyl/alkenyl carbon chain or heteroatom 
substituted carbon chain substituted by O, S, N. The synthesis begins by esterification followed by aliylation 

25 of the 2S-hydroxyacid XLIV. Ester XLV is reduced with lithium aluminum hydride and the resulting alcohol 
is reacted with ozone. Reductive workup of the ozonide and Collins oxidation (Cr03"2Pyr) gives the 
optically pure lactone XLV1. Reaction of the lactone with LiHMDS in THF or THF-HMPA followed by the 
addition of Ri-I or Rt-Br (i.e., an alkyl iodide or arylalkyl iodide or bromide) gives the disubstituted lactone 
XLVII. The lactone XLVH is reacted with the amino aluminum reagent which is prepared from the secondary 

30 amine and trimethylaluminum according to the procedure of Weinreb et. al. Org. Syn. 1980, 59. 49. to give 
the alcohol XLVIM. Oxidation of the alcohol using a variety of oxidants (KMnO*. Jones. PDC. RuOi.Pt'Oa) 
gives the acid XLIX which is ready for coupling to T-H using known methods. 

An alternative synthesis of the disubstituted lactone LIII and related lactone LVIl is shown in scheme 
XVI. The 2(S)-hydroxyacid L is first converted to the ethyl ester by Fisher esterification. Trans esterification 

35 with the Z-allylic alcohol and titanium isopropoxide (using the procedure of Seebach et. al. Org. Syn, 1986. 
65. 230) gives the hydroxy ester LI. Halo ( h or NBS) or mercuric trifluoroacetate cyclization of the hydroxy 
olefin gives the disubstituted lactone Lll. Reduction of Lll with tributyltinhydrtde or sodium borohydride 
affords the reduced lactone intermediate LIII. 

Scheme XVII discloses an alternative synthesis of carboxylic acids LV1II and LIX wherin Ri is a C» to 

40 C 5 straight or branched alkyl/alkenyl carbon chain or heteroatom substituted carbon chain substituted by O. 
S; N or substituted by a substitutent selected from a heterocycle or substituted heterocycle. R is selected 
from aryl, substituted aryl. heterocycle. substituted heterocycle. cycloalkyl, unsaturated cycloalkyl, alkylaryl. 
alkylheterocycie, alkyl cycloatkyl, alkyl unsaturated cycloalkyl. The cyclic amine (n =1 to 7) is substituted 
with groups V selected from a Ct to C^ straight or branched alkyl/alkenyl carbon chain or heteroatom 

45 substituted carbon chain substituted by O. S. N: The synthetic strategy is similar to that outlined in scheme 
XV. The lactone LV is prepared from the corresponding amino alcohol LIV. Alkylation of LV with NaHMDS 
and alkyl iodide or bromide gives the disubstituted lactone LVI. The lactone LVI is hydrolyzed and esterified 
to hydroxy ester LVIl which is converted to the acid LIX as shown in the scheme. Alternatively. LVI is 
transformed to the acid LVI1I. Carboxylic acids LVIII and LIX are converted to final inhibitor compounds 

50 LVIlla and LIXa as previously described. 

Scheme XVIIa discloses a synthetic route to inhibitors containing esters of the general formula LVIb and 
LVIIb wherein R and Ri are the same as previously described for scheme XVII and R2 is selected from Ct 
- to C& straight or branched carbon chain. T is -selected from a variety of mimics of the Leu-Vaj cleavage site 
of angiotensinogen. The five steps sequence from LVI to LVIb prepares the key acid intermediate from 

55 permanganate oxidation which is coupled to give final products. The seven step sequence from LVI to LVIIb 
produces a similar final product with the R and Ri substituents reversed. 

The syntheses of hydroxyethylene dipeptide isosteres are depicted in Schemes XVIII and XIX. The 
chirality of the vaiine-mimic isopropyi group is established via a highly diastereoselective aidol condensa- 
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tion. Scheme XVIII details, the use of technology developed by D. A. Evans and coworkers (see 0. A. , Evans-- 
J. Bartroli and'T. L Shin, J. Am. Chem. Soc. 1981, : 103. 21 27), in which the aldehyde LX (synthesized in 
analogy to the isobutyl-substituted aldehyde described by S. Thaisrivongs. D. T. Pals.T. T. KrolL S.R. 
Turner/and F.-S. Han. J. Med. Chem. 1987, 30, 976)' is condensed with the norephedrine-derived 
acyloxazolidihone to produce the aldol product LXL Barton deoxygenation (D. H. R. -Barton -and S. W. 
McCombie. J. Chem. Soc. Perkih Trans. 1, 1975, 1574) provides the diprotected hydroxyethylene 
dipeptide isostere LXIII. Removal of the chiral auxiliary with basic peroxide (D. A. Evans. T. C. Britton and J. 
A. Ellman, Tetrahedron Lett. 1987, 28(49), 6141) affords the intermediate carboxylic acid LX1V. which is 
then coupled to the desired amines (RNH 2 ) to yield amides LXV. 

An alternative strategy is outlined in Scheme XIX. Employment of the cysteine-derived 
thiazolidinethiqne (G. N. Hsiao. L. Liu and M. J.. Miller. J. Org, Chem. 1987,. 52. 2201.) as .chiral .auxiliary . 
allows the direct conversion of aldol adduct LXV1I to the hydroxy amide LXVIII, thereby avoiding the 
hydrolysis step in Scheme XVIII. The secondary hydroxyl group is deoxygenated to produce the same 
'potectecl'amiaeT'LXV; ~7 ™~ — — — ____ / " 

The synthesis of P 2 retro-inverted amine derivatives is described in Scheme XX. The intermediate 
carboxylic acid LXIV is transformed into isocyanate LXX by the action of diphenylphosphory.lazide. and the 
isocyanate is trapped with a range of nucleophiles; including, but not limited to primary and secondary 
amines, alcohols, thiols and organomagnesium halides. Scheme XX illustrates the synthesis of retro- 
inverted amides LXXI , ureas LXXII and carbamates LXXIII. . 

These various hydroxyethylene dipeptide isosteres are then deprotected under the conditions listed in 
Scheme XXL The resulting free-base forms of the aminoalcohols LXXIV and LXXV are then available for 
standard peptide couplings. * . " . 

Scheme XXII outlines a method for producing analogs of P2 -retro-inverted statine isosteres . (an 
extension of the previous work of S. H. Rosenberg.* J. J. Plattner, K. W. Woods. H. H. Stein, P. A. Marcotte, 
J. Cohen and T. J. Perun, J. Med. Chem. 1987, 30, 1224), in which the protected amino-epoxide LXXVI (J. 
R. Luly. J. F. Dellaria, J. J. Plattner, J. L Soderquist and N. Y\ t J. Org. Chem. 1987, 52. 1487) is opened 
with a primary, amine- to provide aminoalcohols- LXXVII. These compounds are then derivatized as 
sulfonamides, sulfamides. ureas, carbamates, amides or other amine derivatives: Schema XXII details the 
example of a sulfonamide or sulfamide. The free aminoalcohol (LXXIX) is provided by simple deprotection 
of the Boc-group. ■ ~ " 

Scheme XXIII depicts an alternative strategy for the production of the P2 retro-inverted amide 
derivatives. Intermediate aldehyde LX is condensed with a primary amine under standard reductive 
aikylation. conditions, and the resulting amine LXXX is derivatized to the ; desired protected amine derivative 
LXXXIL This has been accomplished by the use of the appropriate suifonyl or sulfamoyi chloride, to. yield, 
respectively, the corresponding sulfonamide or sulfamide. In addition, the catechol sulfamate ester LXXXI 
~can be employed to produce sulfamide derivatives: Deprotection produces aminoalcohols LXXXIII^ available 
for coupling reactions. " 
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In the above schemes, ppticaily active or racemic starting materials can be used to obtain products of 
known or mixed stereochemistry. 

Particularly useful intermediates for the preparation of the novel compounds' of this invention are 
compounds of the formula: 



R1 R3 



^Y^o H 



or an acid halide or activated ester derivative thereof. . 

A is ; . ' 

(I) R 5 C(OHCH 2 )w - wherein - 

1 ) w is 0 to 4 and 

2) Rs is 

i) hydroxy, . , - _ . * , ■ " 

ii) alkoxy., ' 
tii) thioalkoxy, .. ' , .. • 

iv) amino or 

v) substituted amino; ..'.*' 

(II) alkylsulfonyl. (aryl)sulfonyl or (heterocycfic)suifonyl; , 

(III) aryl. arylalkyl. heterocyclic or (heterocyclic)alkyl; or 

(IV) Ra 0 - or Ro 3 NHC(0)- wherein R 90 is a to C* straight or branched carbon chain substituted by 
a substituent selected from 

1 ) carboxy, 

2) alkoxycarbonyl. 

3) alkyisulfonyl, 

4) aryl, * 

5) arylsulfonyl. 

6) heterocyclic or 

7) (heterocyciic)sulfonyl). 

R- is . 
(I) hydrogen. 
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(II) loweralkyl, 

(III) loweralkenyl, 

(IV) cycloaikylalkyl. 

(V) cycloalkenylalkyt. * . * ■ 
(Vi) aryloxyalkyl. 

(VII) thioaryloxyalkyl, 

(VIII) arylalkoxyalkyl. 

(IX) arylthioaikoxyalkyl or 

(X) a Ci to C3 straight or branched carbon chain substituted by a substituent selected from 

1 ) alkoxy, 

2) thioalkoxy. 

3) aryl and 

6) heterocyclic. 

X is 1 

(I) CH 2 , 

(II) CHOH. 

(III) C(O). . . 

(IV) NH, 

(V) O. ' ' 

(VI) S, 

(VII) S(O). 

(VIII) S0 2 . - ' . 

(IX) N(O) or 

(X) -P(0)0- 
R 3 is 

(I) loweralkyl. 

(II) haloalkyl, 

(III) loweralkenyl, 

(IV) cycloalkylalkyl, 

(V) cycioalkenylalkyl, ' 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 

(VIII) (alkoxyalkoxy)alkyl, 

(IX) hydroxyalkyi, 

(X) -(CH 2 ) ee NHR, 2 ' 
wherein 

1) ee is 1 to 3 and 

2) Ri 2 is 

i) hydrogen. 

ii) loweralkyl or ' 

iii) an N-protecting group: 

(XI) arylalkyl or 

(XII) (heterocyclic)alkyl. 

Acid halide derivatives of the above intermediates include the acid chloride. Activated ester derivatives 
of the above intermediates include activated esters commonly used by those skilled in the art for activating 
carboxyiic acid groups for coupling with an amine to form a peptide bond, including, but not limited to 
formic and acetic acid derived anhydrides, anhydrides derived from aikoxycarbonyi halides sucn as 
isobutyloxycarbonylchloride and the tike. N-hydroxysuccintmide derived esters. N-hydroxyphthalimide de- 
rived esters, N-hydroxybenzotriazole derived esters. N-hydroxy-5-norbornene-2,3-dicarboxamide derived 
esters, 4-nitrophenol derived esters. 2.4,5-trichlorophenoi derived esters and the like. 

Compounds of the invention include the following. 
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amide of 3-(l-im- 



Preferred compounds of the invention include: 
2(S)-{1 (SW4-(methybxymethoxy )piperidtn-1 -yl)carbonyl)-2-phenylethoxyhexanoic - acid 
idazolyl)propyl 5(S)-amino-6-cyciohexyi-4(S)-hydroxy-2(S)-isopropythexanamide; 
2(S)-(1 (S)-(4-(methyoxy methoxy )piperidin- ^ -y l)carbonyl)-2-phenylethoxyhexanoic acid amide of 3- 
(dimethylamino)propyl 5(S)-amino-6-cyciohexyl-4(S)-hydroxy-2(S)*isopropylhexanamide; 
2(S)-(l{SH4.(methyoxymethoxy)piperidin-1-yl)carbonyl)-2-phenylethoxyhexanoic acid amide of 3-<4-mor- 
pholinyl)propyl 5(S)-amino-6-cyclohexyl-4(S)-hydroxy-2(S)-isopropylhexanamide; 

N . (1( SH4.{Methoxymethoxy)piperidinM-yl)carbonyl)-2-phenylethyl^ amide of 3-0 -imidazolyl)- 

propyl 5(SV-amino-6-cyclohexyt-4(S)-hydroxy-2(S)-isopropylhexanamide; and 

N-(1(S)-(4HMethoxymethoxy)pipendin-1-yl)carbonyl)-2-phenylethyi-L-no^^ amide of 3-{4-morpholtnyi)- 

propyl 5(S)-amino-6-cyclohexyi-4(S)-hydroxy-2(S)-isopropyihexanamide. 



76 



EP 0 364 804 A 1 



The following examples will serve to further illustrate preparation of the novel compounds of the 
invention. 



5 Example 1 



4-Methyl-2-oxo-pentanoic acid, benzyl ester. 

10 • - 

A mixture of 2-Oxo-4-methyl pentanoic acid sodium salt (10 g. 65.7 mmol) and benzyl chloride (8 g, 63 
mmol) in 300 ml DMF was stirred at 40-50* C for 5 h. it was filtered, and the filtrate was evaporated under 
reduced pressure to provide an oil. The oil was dissolved in chloroform, washed with water, dried, filtered. 
is and evaporated to provide the desired product (13 g. 94%). "H NMR (CDCb, TMS) <5 0.95 (d.6H), 2.15 
(rri.lH), 2.7 (d,2H), 5.28 (S.2H), 7.4 (m.5H). Mass spectrum: (M + H)* = 221. 



Example 2 

20 \ ' ■ 



Pyruvic acid, benzyl ester. 



25 

Using the procedure of Example 1 . but replacing 2-Oxo-4-methyl pentanoic acid sodium salt with 
pyruvic acid sodium salt gave the desired compound. H NMR (CDCb. TMS) 6 2.4 (s.3H), 5.3 (S.2H). Mass 
spectrum; (M + H)* = 179. . 

30 • •. 

Example 3 



35 Hexanoic acid, benzyl ester. 



Using the procedure of Example 1 . but replacing 2-Oxo-4-methyl pentanoic acid sodium salt with 2-oxo- 
hexanoic acid sodium salt gave the desired compound. H NMR (CDCIx. TMS) 5 0.91 (t.3H). 1.35 (m.2H). 
-o 1.6 (m.2H), 2.85 (t.2H). 5.29 (S.2H), 7.4 (m,5H). Mass spectrum: (M + H)* = 221. 

Example 4 
D-Phenylalanine, tert-butyl ester -HC1. 



so 6.07 ml of concentrated sulfuric acid was added to a solution of 5 g (0.03 ml) of D-phenyialahine in 80 

ml of dioxane. The solution was saturated with isobutylene. After 18 h at room temperature the solution was 
added to 500 ml of % ice water containing sodium hydroxide sufficient to neutralize all acids. The aqueous 
dioxane solution .was extracted with a large quantity of ether. The ether portion was washed with water.- 
saturated sodium chloride, dried and filtered. The filtrate was evaporated to an oil. Hexane and etherial 

55 hydrogen chloride were added sequentially. A white solid precipitated out to give the desired compound in 
65% yield. 'H NMR (CDCI3. TMS) 5 1.29 (S.9H), 3 (dd,1H), 3.25 (dd.1H) t .4.1 (dd.lH). 7.4 (m.5H). Mass 
spectrum: (M + H)" = 222. 
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Example 5 



5. ^-.HomoDhenylalanine, tert-butyl ester • HCI. 

Using the procedure of Example 4, but replacing D-Phe with L-HomoPhe gave the desired compound. 
'H NMR (DMSO. TMS) 5 1.5 (s.9H) t 2.05 (m.2H). 2.75 (m.2H), 3.9 (t.1H), 7.3 (m,5H). Mass spectrum: M* = 
to 235. R' = 0.6 (5 CHCt 3 : 1 CH3OH). 



Example 6 



15 . ■ . . •. •. • . ■" 

D-Homophenylalanine. tert-butyl ester • HCI. 

20 Using .the procedure of Example 4, but replacing D-Phe with D-HomoPhe gave the desired compound. 
■-H NMR (DMSO, TMS) 5 1.5 (s.9H), 2.05 (m.2H). 2.75 (m.2H). 3.89 <t.1 H). 7.25 (m,5H). R» = 0.6 (5 CHCI 3 : l 

: ' CH3OH). " " . " ; " ' ;\\ : 

25 ' ' . ' Example 7 > 



' ; N-(1 (S)-(tert-Butyloxycarbonyl)-2-pheny(ethyi)-L'leucine, benzyl ester. 

30 . - . • . ■ 

TEA:<triethylamine) (140 ui. 0.94 mmol) was added to the cooled suspension of L-Phe-t-Bu ester'HCI 
(0.243 g. 0.94 mmol) in 3 ml of methylene chloride at 0* C. and the mixture was stirred at 0-5 C for a half 
hour. The mixture was added to a solution of 4-m'ethyi-2(R)-(tnfluorosulfonyloxy)-pentanotc acid, benzyl 

35 ester (0.288 g, O.81' mmol) and TEA (120 at; 0.82 mmol) in 2 ml of methylene chloride and the mixture was 
allowed to stir at 15-" C for 2 h. then warmed to room temperature and stirred for one hour. The clear liquid 
was then allowed to stana in a refrigerator for 18 h and then concentrated. The clear liquid was dissolved m 
EtOAc and washed with H 2 0. dried, and filtered.- The filtrate was evaporated to an oil which was 
chromatographed. eluting with etherhexane (1:9) to obtain the desired product m- 25% yield. H NMR 

40 (CDCI3. TMS) 6 0.87 (t;6H). 1.33 (s.9H), 1 ^46 (d.2H). 1 .67 (m.VH), 2.89 (bd;2H). .3.37 (bt.-IH). 3.41 (bt,1H). 
5.1 1 (d.2H). Mass spectrum: (M + H)* = 426. 



Example 8 

45 - ' 

N -0(S)-(tert-Butyioxycarbonyl)-2-phenylethyl)-L-leucine. benzyi ester and its D-leucme isomer. 

50 

To L-Phe-t-Bu ester - HCI (0.25 g. 0.96 mmol) in 10 ml of absolute ethanol. 2-oxo-4-methyl pentanoic 
acid benzyl ester (0.25 g, 1.15 mmol) and sodium acetate {0.VS g. 1.92 mmol) were added sequentially at 
5*C. The suspension was cooled at 5*C for 30 min, followed by dropwise addition of sodium 
cyanoborohydride-(0.07 g, 1.15 mmol) in 6 ml of absolute ethanol. The reaction mixture was stirred at 0- 
55 5*C for 1 h and at room temperature for 15 h. The mixture was filtered and the filtrate was evaporated 
under reduced pressure to give a solid which was taken up into chloroform ' and washed- with 5% soaium 
bicarbonate, water, and brine. The organic phase was dried and evaporated to a yellow oil. The crude 
product was chromatographed on silica gel eluting with etherrhexane (1:9) to give two separate dia- 
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^'^: r l£VS?^ H NMR (CDC,. IMS) S 0.8 (dd.6H). ,.33.(2.9H, ,.43 <*.2H, 1 62 (m ,H, 
2.87 (bt.2H). 3.22 (bt.lH). 3.37 (bt.lH). 5.1 (S.2H). Mass spectrum: (M + H) - «6. 

More polar (S.S) isomer:- -H NMR (COCb. TMS) 5 0.87 (t.6H). 1 .33 (S.9H). 1 .46 (d.2H). 1 .67 (m.1 H). 2.8? 
(bd.2H). 3.37 (bt.lH). 3.41 (bt.lH). 5.11 (d.2H). Mass spectrum: (M + H) = 426. R, value -s .dent.cal to the 

resultant compound of Example 7. 



Exam ote 9 



N>(1(R)-(tert-Butyloxycarbonyl)-3-phenylpropythL-ieu,cine. benzyl ester and its D-^ucine isomer. 

Using the procedure of Example 8. but replacing L-Phe-t-Bu ester 'HCI with D-HomoPhe-t-Bu ester 'HCI 
gave a m.xture of two diastereomers which were separated by chromatography on s.l.ca gel elut.ng with 

ethyl acetate.hexane (1:4). 

Less polar <R.S> isomer: H NMR (CDCb, TMS) 5 0.89 <d.3H). 0.91 (d,3H),J.45 <s.9H). 1.85 <m.3H). 2.7 
(m.2H). 3.15 (t.VH). 3.3 (t.lH). 5.1 (q.2H), 7.3 (m.5H). Mass spectrum: (M + H) -440 

More polar (R.R) isomer: H NMR (CDCI,. TMS) 6 0.89 <d.3H). 0.91 <d.3H>. 1.45 (s.9H). 2.65 <m.2H). 
3.15 (t.lH). 3.36 (t.lH). 5.15 (s.2H), 7.2 (m.5H). Mass spectrum: (M + H) - 440. 

Example 10 

N-(1(SV(te?t-Butyloxycarbonyl)-3-phenylpropylhL-leucine, benzyl ester and its D-leucine isomer. 

Using the procedure of Example 8. but replacing L-Phe-t-Bu ester.HCl with L-HomoPhe-t-Bu ester.HCl 
gave a mixture of two diastereomers which were separated by chromatography to g.ve the desired 

^Tms" polar (S.R) isomer: NMR (CDCb, TMS) 6 0.9 (dd.6H). 1-45 <s.9H). 1.8 (dd.lH). 1.9 (m^H). 2.69 
(m.2H). 3.25 (UH), 3.39 (t.lH). 5.11 (d.2H), 7.27 (m.SH). Mass spectrum: (M + H) - 44 0- 

More polar (S.S) isomer: ' H NMR (CDCb. TMS) 5 0.89 (d.3H>. 0.92 <d.3H), 1.46 (s.9H), 2.64 (m.2H). 
3.15 (t.VH). 3.36 (dd.lH), 7.26 (m.SH). Mass spectrum: (M + H) - 440. 

Example 1 1 



N-n(SHtert-Butyioxycarbonyt)-2-phenylethyl)-L-alanine benzyl ester and Us D-alanine isomer. 

Using the procedure of Example 8. but replacing 2-oxo-4-methyl pentanoic ac.d benzyl ester with 
pyruvic acid benzyl ester gave the desired compounds. 

Less polar (S.S) isomer: H NMR (CDCb. TMS) 6 1.27 (d.3H). 1.33 (S.9H). 2.91 (dd.2H). 3.35 <dd.1H). 
3.45 (bt. 1 H); 5. 1 2 (d.2H). Mass spectrum: (M + H) = 384. 

More polar (S.R) isomer: H NMR (CDCb. TMS) 5 1.3 (d.3H), 1.34 (s.9H). 2.91 (d.2H). 3.44 (dd.lH). 3.42 
(bt.lH), 5.12 (S.2H). Mass spectrum: (M + H) = 384. . 



Example 1 2 
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Hexanoic acid, benzyl ester. . 

Alternatively, the compound of Example 3 was prepared by the Grignard reaction of n-butylmagnesium 
chloride with excess benzyloxalate to obtain desired product in 27% yield. 'H NMR (CDCh TMS) 6 0 91 
<t,3H>, 1.35 (m,2H), 1.6 (m.2H). 2.85 (t.2H), 5.29 (s.2H). 7.4 (m.5H). R, value is identical to. Example 3, 

Example 13 



jo 



75 



20 



25 



30 



40 



45 



50 



55 



N-(1(RHtert-8utyloxycarbonyl)-2-phenylethyl)-L-alanine benzyl ester and its D-alamne isomer. 



Using the procedure of Example 1 1 . but replacing 'L-Phe-t-Bu ester'HCI with D-Phe-t-Bu estef-HCI 
gave the desired compounds. - 

Less polar isomer: *H NMR (CDCh, TMS) 5 1.27 (d,3H), 1.32 (s,9H), 2.91 (dd,2H). 3.34 (dd 1H) 3 45 
(t.1H) t 5.12 (d.2H). Mass spectrum: (M + H)* = 384. ; * 

More polar isomer: .'H NMR (CDCh, TMS) 5 1.3 (d,3H) t 1.33 <S.9H)/2.91 (d,2H). 5.12 (s 2H) Mass 
spectrum: (M + H) = 384. 



Example 14 



N-(1fS)-(tert-Butyloxycarbonyt)-2-phenytethyl)>L-norleucine. benzyl ester and its D-norleucme i 



somer. 



Using the procedure of Example 8. but replacing the 2-oxo-4-methyl pentanoic acid benzyl ester w.th 2- 
oxo-hexanoic acid benzyl ester gave the desired compounds. 

Less polar (S,R) isomer: ! KNMR (CDCI 3( TMS) 5 .0.8 (bt.3H), 1.18 (m,2H), .1.34 (S.9H) 2 89 (bt 2H) 3 19 
(t.1H), 3.37 (t.lH). 5.12 (d.2H). fylass spectrum: (M + H)* = 426. ' * ; 

..35 More polar (S.S) isomer: 'H NMR (CDCh, TMS) 5 0.85 (m,3H), 1.33 (s,9H), 2.9 (d,2H), 3.31 (UH) 3 41 

(L1H), 5.1 1 <s.2H). Mass spectrum: (M + H) V = 426: 



Example 1 5 



N-(1(RHtert-Butyloxycarbonyi)-2-phenylethyQ-L-leucine. benzyl ester. 

Using the procedure of Example 8, but replacing the L-Phe-t-Bu ester 'HCI with D-Phe-t-Bu ester 'HCI 
to give the desired less polar L-isomer. : H NMR (CDCh, TMS) 3 0.8 (dd.6H), 1,34 (s.9H) 1 42 (t 2H) 2 88 
(t.2H), 3.21 (bt.1H), 3.48 (bt,1H), 5.1 (s,2H). Mass spectrum: (M + H)' = 426. 

Example 16 



N-( 1 f S)-(tert-Butyloxycarbonyl)-3-phenylpropyl)-L-leucine. 
A solution of the more polar (S.S) diastereomer (45 mg, 0.1 mmol) of Example 10 in 2 ml of methanol 
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was treated with 20 mg of 10% palladium on carbon and stirred under a hydrogen atmosphere ror 2 h. After 
filtration through cetite. the solution was concentrated under reduced pressure to give the desired proauct 
(35 mg. 98%). *H NMR (CDCb. TMS) 8 0.92 (dd.6H), 1.49 (s.9H). 2.68 (m.2H). 3.19 (dd.1H), 3.28 (tjH), 
7.24 (m.5H). Mass spectrum: <M + H) = 350. 



Example 17 



4{S)-t-Butyloxycarbonylamino-5-cyclohexyl-3(R.S)-hydroxy'i -pentene. 



To a stirred -78* C solution of Boc-cyclohexytalanine methyl ester (10.2 g. 35,8 mmol) in dry toluene 
(60 ml) was added diisobutylaluminum hydride (34 ml of a 1.5 M solution in toluene). After 30 min. vinyl 
magnesium bromide (108 ml of 1 M solution in tetrahydrofuran (THF)) was added. After stirring for 15 h at 
0*C. the mixture was carefully quenched with methanol, treated with Rochetle salts (22 ml of saturated 
aqueous solution in 140 ml H 2 0). and filtered. After extracting the solids 5 times with ethyl acetate, the 
extracts and filtrate were combined and the organic phase was washed with brine, dried, filtered and 
evaporated to an oil (10.2 g). Chromatography on silica gel eluting with hexane ethyl acetate mixtures 
provided 6.1 g (60%) of the desired product. 



Anal. Calcd. for CsHseNOo'i 


C. 


66.8: 


H. 10.3: 


N. 4.9. 


H 2 0: 










Found: 


C. 


66.9; 


H. 10.2; 


N. 4.7. 



Example 18 



4(S)-Cyclohexylmethyl-5(R.S)-vinyl-2-oxazolidinone. 



The resultant product of Example 17 (2.80 g. 9.88 mmol) in dry dimethylformamide (DMF) (50 ml) was 
aaded io a stirred suspension of NaH (593 mg of a 60% dispersion in oil. 14.8 mmol, hexane washed) in 
o dry DMF (50 ml). After 3 h. the mixture was quenched (750 mi water * 100 ml brine) and extracted with 
ether (5 x 100 ml). The combined organic phase was washed with brine (3 x 50 ml), dried (MgSOO. filtered 
ana evaporated to an oil (2.23 g). The NMR spectrum of the crude product revealed an 82:18 mixture of 
5S:5R diastereomers. Silica gel chromatography gave 80% recovery of pure diastereomers. 5S: 



5 



Anal. Calcd. for C.sH^NCh: 


C. 


68.9; 


H. 9.1: 


N t 6.7. 


Found: 


C. 


68.4; 


H, 9.2; 


N; 6.5. 



o Mass spectrum: (M + 1)* = 210. 5R: Mass spectrum: (M + 1 ) = 210. 

Example 19 . . 



(3S.4S)-3-Hydroxy-4-amino-5-cyciohexyi-1-pentene. 
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To the resultant 5S-diastereomer from Example 18 (2.06 g. 9.84 mmol) in dioxane (180 ml) and water 
(120 mi) was added barium hydroxide octahydrate (6.24 g, 19.8 mmol). The mixture was.refluxed for 18 h. 
cooled, filtered, concentrated, taken up in water and extracted with ethyl acetate which was dried over 
Na 2 S(V and evaporated to afford 1.64 g (91%) of the desired product, m.p.; 59-61 * C. • . 



Anal. Calcd. for Ct ; H 2 »NO: 


C. 


72,08; 


H. 


1 1.55; 


N, 7.64. 


Found: 


C. 


71.67; 


H. 


11.68; 


N. 7.36. 



Example 20 



15 



20 



25 



(3S.4S)*3*Hydroxy-4-tert-butyloxycarbonylamino-5-cyclohexyl- 1 -pentene. \ 

To the resultant compound from Example 19 (1.62 g. 8.84 mmol) in methylene chloride (20 ml) was 
adcjed _ d ;_! ert - bu LY^^ 9. B.84 mmol)._ The mixture, was stirred, for 1 4 h. .diluted with -ethyl 

acetate, 'washed sequentially with 0.5 M H 3 p6 4 . saturated NaHC0 3 solution and brine, then dried over 
Na 2 SCu and evaporated to afford 2.51 g (100%) of the desired compound. 

Example 21 



30 



(3S,4S)-3-Methoxyethoxymethoxy-4-tert-butyloxycarbonylamino-5-cyclohexyl-l-pentene. 



50 



55 



To the resultant compound from Example 20 (2.51 g, 8.84 mmol) in methylene chloride (20 ml) was 
added diisopropylethylamme (4.60ml, 26.4 mmol) and methoxyethoxychloromethane (3.00 ml. 26.3 mmol). 
After stirring at room temperature for 24 h the mixture was concentrated, diluted with ethyl acetate, washed 
with 0.5 M H 3 P0 4 , saturated NaHC0 3 solution, then brine, dried over Na 2 SCU, and evaporated. Chromatog- 
raphy on silica gel with ethyl acetate/ hexane mixtures afforded 2.63 g (80%) of the desired product as an 
oil. Ei-MS: M =371. " ' • 



Example 22 



(2RS.3R,4$)-3-Methoxyethoxymethoxy>4-tert-butyloxycarbonylamino-5-cyclohexyl-1 .2-oxopentane. 

To the resultant compound from Example 21 (5.41 g, 14.56 mmol) in methylene chloride (50 ml) was 
addea 3-chloroperbenzoic acid (6.28 g). After stirring at room temperature for 60 h the mixture was 
concentrated, diluted with ethyl acetate, washed with cold 1;1 15% aqueous Na 2 S0 3 solution/saturated 
NaHC0 3 solution (2 x 200 ml), saturated NaHC0 3 solution (3 x 100 ml) then brine (1 x 100 ml), dried over 
Na 2 SO*. and evaporated to afford 4.57 g (81%) product as an oil. Ei-MS: M * = 387. 

Examole 23 



82 



EP 0 364 804 A1 



(2*S. 1 , R.5S)0-Ethyl-5 -fr-methoxyethoxymethoxy-2'-tea-butyioxycarbonylamino-3 -cyciohexyipropyQoxazolidin- 
" " ~ : 2-one. 

5 To the resultant compound from Example 22 (310 mg. 0.80 mmol) in isopropanol (5 ml) was added 

ethylamine (200 mg. 4 mmot). The mixture was heated at 70 *C for 48 h. evaporated and dissolved in 
methylene chloride (5 ml). To this solution was added triethylamine (0.34 ml. 2.4 mmof) and phosgene in 
toluene (1.0 ml. 1.2 mmol. 12.5% solution). After 2 h the mixture was diluted with ethyl acetate, washed with 
0.5 M HiPCU. saturated NaHC0 3 solution then brine, dried over Na 2 SO* and evaporated. Chromatography 

io of the residue on silica gel with 1:1 ethyl acetate*hexane provided 14.3 mg (4%) of the 5R isomer followed 
by 63 0 mg (17%) of the desired 5S isomer, both as oils. 

5S-lsomer: H-NMR (CDCL 3 . TMS) 5 4.83 (d.lH). 4.80 (d.iH). 4.58 (m.lH), 3.49 (s.3H). 1.43 (s.9H). 1.15 
(t.3H). 

5R-lsomer: MS (M + H)* = 459. 

15 

Example 24 



20 , . 

(2'S.rR.5S)-3 -Methoxy-5-(l'-methoxyethoxymethoxy-2 -tert-butytoxycarbonylamino-3 -cyclohexylpropyl)- 

oxazolidin-2-one. 

25 Using the procedure of .Example 23 but replacing the ethyl amine with equal parts of methoxyamine 

hydrochloride and sodium bicarbonate gives the desired compound. 

Example 25 

30 

(2RS.3R.4S)-l.2-Dihydroxy'3-methoxyethoxymethoxy-4'tert-butyloxycarbonylamino-5-cyclohexylpentane. 



To the resultant compound from Example 21 (1.00 g. 2.69 mmol) in tetrahydrofuran (20 ml) at 0 C was 
added osmium tetroxide (0.75 ml of a 2.5% solution in tert-butanol) and N-methylmorpholine N-oxide (347 
mg. 2.95 mmol). The mixture was stirred at room temperature 16 h, diluted with ethyl acetate, washed with 
NaHSCh solution, saturated NaHCCh solution and brine, then dried over Na 2 S0 4 and evaoorated. 
*o Chromatography of the residue on silica gel with methanol/methylene chloriae mixtures provided 887 mg 
(81%) of the desired product. 



-*5 



Anal. Caicd. for C2CH33NO7 "0.3 H 2 0: 


C. 


58.46: 


H. 9.71; 


N, 3.41. 


Found: t 


C. 


58.69: 


H, 9.53: 


N. 3.41 . 



50 Example 26 



(2'S.rR. 5S)-2-Oxo-4-(l'>methoxyethoxymethoxy-2 f -tert-butyloxycarbonylaminO'3 -cyclohexyipropyQdioxolane. 
55 

The resultant compound of Example 25 in methylene chloride at O'C was treated with triethylamine 
then phosgene in toluene. The mixture was stirred at 0" C for 1 h. then at room temperature for 3 h. poured 
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; into ethyl acetate. - washed with 0.5 M l-UPO*.- saturated NaHC0 3 solution and brine, then dried over 
NasSOi and evaporated to afford the desired product as an oil. 

5 ' / ~ Example 27 . 



{2R.3R.4S)-1-Benzyloxycarbonylethylamino-2-hydroxy-3-m 

jo cyciohexyipentane. t , ; 

Using the procedure of Example 23 .with the resultant compound from Example 22 and replacing the 
^^phosgene-with-benzyLchloroformate^provided^the desired 2RJsomer-preceded-by-the-2S isomer. — 
is 2R-lsomer: 'H-NMR (CDCU. TMS) 5 7.34 (m.5H). 5.13 (S.2H). 4.95 (d,1H). 4.79 (m.2H), 3.37 (s.3H) t 1.43 
(2.9H), 1.14 (m.3H). • 1 

2S-lsomer: ; H-NMR (CDCL 3 / TMS) 5 7.35 (m/5H), 5.14 (d.1H), 5.12 (d.1H), 4.93 (d.1 H), ,4.80 (m.2H), 3.38 
(S.3H). .1.43 (S.9H). 1.13 (t.3H). . • . ' - 

20 . ' . ■ . ' • 

Example 28 ■ * . , • 



2 32S.3R,4S)-1-Behzyloxycarbonylethylamino-2-a2idO"3-methoxyethoxymethoxy -4-tert-butyloxyc 

cyciohexyipentane. 

To trtphenyiphospine (100.0 mg, 0:381 mmol) in tetrahydrofuran (THF. 0.6 ml) at'-78"C was-added 
30 diethyl azodicarboxyiate (60- ul, 0.38 mmol) in THF (1 ml). To this mixture was added a solution of 
hydrazotc acid (0.46 mmol) in benzene (.1 ml) then the resultant compound from Example 27 {180.0 mg, 
0.318 mmol) in THF (1.4 ml) was added. After one hour the mixture was warmed to room temperature, 
stirred for 16 h. evaporated and chromatographed on silica gel with 20% ethyl acetate in hexane to afford 
103.5 mg (55%) of the desired product as an oil. 'H-NMR (COCL 3 , TMS) 5 7.35 (m,5H). 5.15 (m,2H), 3.38 
35 (s.3H). 1.45 (S.9H). 115 (m.3H). 

• Example 29 



(2 S.1 R.5S)-3-Ethyl-5-{1 -methoxyethoxymethoxy-2 -tert-butyioxycarb onylamino-3 -cyclohexylpropyl)-' 

' imiaazolidin-2-one. 



To the resultant compound from Example 28 (99.0 mg, 0.167 mmol) in methanol (2 ml) was added 
triethylamine (75. ul. '0.54 mmol) and propane 1 .3-dithiol (50 ui, 0.50 mmol). After 72 h the mixture was 
filtered and evaporated, and the crude amino compound was dissolved in toluene (5 ml) and heated to 
reflux for 72 h: Evaporation* and chromatography on siiica gel with ethyl acetate/hexane mixtures provided 
so the desired product as an oil. : H. NMR (CDCb) 5 1.12 (t.3H). 1.43 (s,9H), 3.23 (m.2H), 3.39 (s.3H), 3.64 
(m.VH). 3.78 (m,1H), 3.94 (m,1H), 4.58 (d,1H), 4.74 (d.lH), 5.47 (s.1H). 

Exampl.e 30 

55 ' 



* (3S.4S)-3-ten-Butyldimethylsilyloxy-4-tert-butoxycarbonylamino*5"Cyciohexyi-i -pentene. 
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To the resultant compound from Example 20 (0.264 g, 0.932 mmol) in DMF (4 mi) was added tert- 
butyldimethylsilyl chloride (0.300 g, 1.99 mmot) and imidazole (0.269 g, 3.95 mmol). The mixture was 
stirred at room temperature for 12 hours, poured into ethyl acetate and washed sequentially with 0.5 M 
H^PO*. saturated NaHCCh solution and brine, then dried over Na 2 SCU and evaporated to afford 0.355 g 
(96%) of the desired compound. Mass spectrum: (M + H) = 398. 



Example 31 



(2RS.3S.4S)-3"tert-B utytdimethylsiiyloxy'4*tert-butoxycarbonytamino-5-cyclohexyl-l.2-oxopentane. 

>5 

The resultant compound from Exampte 30 (0.355 g. 0.893 mmol) in methylene chloride (8 ml) was 
treated with m-chloroperbenzoic acid (0.758 g. 3.51 mmol) and stirred at ambient temperature for 14 hours. 
The mixture was concentrated, dissolved in ethyl acetate, washed sequentially with cold 10% aqueous 
20 Na 2 SCh solution, saturated NaHCOi solution and brine, and then dried over Na 2 SO<i and evaporated to 
afford 0.374 g (100%) of the desired compound. Mass spectrum: (M + H) = 404. 



Example 32 

25 



(2RS.3R.4S)-3-Hydroxy-4-tert-butyloxycarbonylamino-5-cyclohexyl»1.2-oxopentane. 



The resultant compound from Example 31 (2.10 g. "5.07 mmol) was treated with 1 M tetrabutylam- 
monium fluoride in tetrahydrofuran (10 ml). The mixture was stirred at 0*C for 1 hour, poured into ethyl 
acetate, washed with water and brine, then dried over Na 2 SCU and evaporated. Chromatography k on silica 
gel (0.5% methanol in chloroform) afforded 1.3 g (74%) of the desired compound. Mass spectrurmjM + H) 

35 = 300. 



Example 33 



(2S. 3R.4S)-iTAzido-2.3'dihydroxy-4-tert-butoxycarbonylamino-5-cyclohexyipentane. 

45 The resultant compound from Example 32 (1.12 g. 3.74 mmol), ammonium chloride (0.374 g. 6.98 

mmol) and sodium azide (0.580 g.. 8.92 mmol) were reffuxed in methanol (25 mi) for 12 hours. The mixture 
was concentrated, then taken up in ethyl acetate, washed with water and brine, dried over Na 2 S0 4 and 
evaporated. Chromatography on silica gel (20% ether in hexane) afforded 0.461 g (36%) of the desired- 
compound followed by 0.323 g (25%) of the 4-R isomer. 4S-Diastenomer: m.p. 93-94* C. 4R-Diasteriomer: 

so mass spectrum: (M + H) = 343. 

Example 34 



55 



NW3-Methylbutyi)*4-hydroxy-5-t-butyloxycarbonylamino-6-cyclohexylhex*i-ene-2-carboxamide. 
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A solution of N-(3-methylbutyl)-2-methylpropenamide (643 mg, 4.15 mmoi) in 25 ml of dry 
tetrahydrofuran was cooled under an atmosphere to -78* C and treated dropwise with. 3.28 ml (8.5 mmol) 
of n-butyllithium hexane. The resulting solution was warmed to 0 C for 20 min. recopled to -73 C and 
treated with 6.2 ml (6.2 mmol) of chlordtitanium triisopropoxide in hexane. After again warming to 0 C for 5 

5 min. the dark solution was recooled to -78* C treated with a solution . of N-t-butyloxycarbonylcyclohex- 
ylalininal (670 mg; 2.3 mmol) in 5 ml of tetrahydrofuran, stirred for 5 min at .^78* C, warmed to 0 C for 20. 
mm and quenched with saturated aqueous ammonium chloride. The resulting suspension was treated with 
ca. 50 ml of ether, stirred until the salts became white, extracted with two 100 ml portions of ether, dried' 
over MgSO*. and concentrated m vacuo . The crude mixture was separated by flash column xhromatcg- 

?o raphy using 4:1 chioroform/ethyfacetate to give 249 mg (26%) of the (4S.5S) product <R f .44), 292 mg 
(31%) of the (4R.5S) product (Ft, .36. 3:2 chloroform ethyl acetate) and 184 mg (20%) of a ca. i;i mixture of 
the two products. - ~ - .. v - - ~ * • • - - 

(4S.5S)Hsomer: : H NMR (CDCb) 5 0.18-1.9 (m.l6H), 0.94 (d.J = 6Hz.6H). 1.43 (S.9H), 2.42 (m.2H). 3.32 
(br q.J = 7Hz.2l-n. 3.62 (m.1H). 3.68 (m.l.H). 4.79 (br d.J = 9Hz.1H)/5.08 (br S.1H). 5.43. (S.1H), 5.56 ( S.1H), 

75 6.03 (br t;iH). Mass spectrum: M* =410. 



Example 35 

20 - - ' - ■ . : ; : 

" ■" 2(S)-t-Butyloxycarbonylamino-i-cyciohexyl-6-methylhept-3-ene. 

25 ' To a stirred -78 "C solution of Boc-cyctohexylalanine methyl ester (40 g t 140 mmol) in anhydrous 
toluene (250 ml) was added diisobutylaluminum hydride (130 M%. 1.5. M solution in toluene. 121.4 mi) at a 
rate to keep the internal temperature below -60* C. After stirring for an additional 20 minutes -at -78* C. the 
aldehyde solution is used immediately as described below. 

To a potassium hydride (35% dispersion in oil. 32.09 g) suspension' in a 0*C mixture of anhydrous 

30 THF DMSG (1000 ml/200 ml) under dry N 2 was added 1 , 1 .1 ,3,3.3-hexamethyldisilazane (209 M%. 49.07 g) 
' dropwise: After stirring at* 0 * : C for V hour, the resulting solution was added via cannula to a 0 C flask 
containing isopentyitriphenylphosphonium bromide (209 M%, 125.66 g). The mixture was. stirred vigorously 
for 1 hour at which time it was cooled, to -78* C. The -78* C aldehyde solution prepared. above was then 
added via cannula. After-stirring at -78* C for 1 5 minutes, the mixture' was- allowed to ;slowly warm to room 

35- temperatureand then heatedto 40* C for 12 hours: The 1 mixture was 'then cooled to room temperature and 
quenched with methanol (7.65 ml) followed by aqueous Rochelle salts (100 ml) saturated solution and 500 
. ml H2O). The mixture was then extracted with, ethyl acetate (2x). The combined extracts were washed with 
water and brine. Drying (MgSO*) and evaporating provided crude alkene which was chromatographed on 
silica gel (ether hexane) to give 16.5 (38%) of the desired compound as an 85:15 mixture of cis:trans 

40 isomers. Mp = 53-55 * C. Mass spectrum: M = 309! 



Anal. £alcd. for C- 3 t-h 5 NO2 : 


C, 


73.7; 


H, 


1 1.4: 


N, 4.5. 


Found: . 


c, 


73.8: 


H. 


1 1.4; 


N. 4.5. 



45 



Example 36 

50 : ■ 



2(S)-t-Butyloxycarbonylamino«1-cyclohexyl-3.4-dihydroxy-6-methylheptane: - 

55 

The 3(R)4(S), 3(S)4(S). 3(R),4(R). and 3(S)4(R) Diastereomers. 



86 



EP 0 364 804 A1 



To a : solution of the resultant compound of Example 35 (8.50. 27.5 mmol) in dry THF (150 mi) were 
added OsO* (2.8 ml of a 2.5% solution in t-butanof and N-methylmorpholine N-oxide (9.28 g, 68.7 mmot). 
After 4 days the mixture was partitioned between ether (200 ml) and brine (100 ml). The aqueous layer was 
back-extracted with ether (2 x 100 ml), and the combined organic phase was washed with 10% NasSCh. 0.1 
M and brine. Drying (MgSOO and evaporating provided a residue (10.81 g) which was chromatog- 

raphea on silica gel to eiute a 60% yield of the 4 diois in the following order. 
3(R).4(S) Mass spectrum: (M + H)* = 344. 



'0 



Anal Calcd. for Ct 9 H37NO A : 


C. 


66.4: 


H, 


10.9: 


N. 4.1. 


Found: 


c. 


66.4: 


H. 


10.8: 


N, 3.9. 



3(S),4(S) Mass spectrum: (M + H) = 344. 





Anal Calcd. for C. 9 H 37 N04: 
Found: t 


C. 66.4: 
C. 66.4: 


H, 10.9: 
H. 11.1; 


N..5.1. 
N, 4.0. 




20 

3(R),4(R) Mass spectrum: (M + H)* = 344. 
3(S).4(R) Mass spectrum: (M + H) = 344. 










25 


Anal Calcd. for C,3H 37 NO*: 
Found: 


C. 66.4: 
C. 66.0: 


H, 10.9: 
H, 10.7: 


N. 4.1. 
N. 4.0. 





30 



Example 37 



35 



2-t-Butyloxycarbonylamino- 1 -cyciohexylbut-3-ene. 



-0 



-15 



To a stirred suspension of methyltriphenyl phosphonium bromide (10.97 g. 30.70 mmol) in anhydrous 
tetrahydrofuran (200 ml) at -78* C (dry ice.acetone bath) under an argon atmosphere. was< added n-butyl 
iithium (19.8 ml of a 1.55 M hexane solution) dropwise oyer the course of 5 min. After 10 min, the -78 C 
bath was replaced with a 0"~C bath for .5 h. at which, time the resulting orange solution was cooled again to 
•78* C. The solution was then added dropwtse by cannula to a stirred -78 *C solution of Boc-cyclohex- 
yialaninal (27.91 mmol) in anhydrous tetrahydrofuran (30 ml) over the course of .5 h. The mixture was then 
allowed to warm to room temperature during a 3 h period after which water (150 ml) was added. Extraction 
with hexane (4x 100 ml) provided a combined organic phase which was washed with brine (100 ml), dried 
(NasSO*). and concentrated. Chromatography with ether hexane (1*9) provided the desired compound. 
Mass spectrum: (M + H) = 254. 



50 



Example' 38 



3-t-Butyloxycarbonylamino-4-cyclohexyl-1 .2-oxobutane. 

55 — : —- 1 

To a stirred solution of the resultant compound of Example 37 (2.0 mmol) in dichloromethane (20 ml) 
was aaded m-chloroperbenzoic acid (MCPBA. l .51 g of 80% MCPBA. 7.0 mmol). After 68 h the reaction 
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to 



mixture was cooled to O'C. and O'C 10% Na 2 S0 3 .(5 ml) was added with stirring. After 15 min, the solid 
was filtered off and extracted with dichloromethane. The combined organic phase was washed sequentially 
with O'C 10% Na 2 S0 3 (6 ml), saturated NaHC0 3 (2x6 ml), and water (5 ml). Drying (MgSCU). filtering, 
concentrating and^ chromatography on 50 g of Si0 2 (hexane-ether, 3/1). gave the desired .compound. Mass 
spectrum: (M + H)* = 270. ; 

Example 39 



-3-t-Butytoxyo'arbonylamiric^ 



>5 



To a stirred solution of the resultant compound of Example 38 (0:87 mrhol) m r methanol' ^S\7'm\) was" 
added isopropyl mercaptan (0.87 mmol) and triethylamine (0.87 mmol). The resultant solution was refluxed 
for 2 h and then evaporated to give a residue which was chromatographed on . .15 g of 40 a Si0 2 (7 3. 
hexane/ether) to give the desired compound. Mass spectrum: (M + H) = 346. , 



20 



Example 40 



25: 



3-t-Butyloxycarbonylamino-4'cyclohexyl-2-hydroxy-1-isopropylsulfonylbutane. 



Treating the resultant compound of Example 39 with 2.5 equivalents of 3-chloroperoxybenzoic acid in 
'dichloromethane; gave the desired compound after work-up as described 1 in Example- 38.- Mass spectrum:, 
30 (M + H) v = 418. 



Anal Calcd. for C 2 vH 33 NO5S*0.5 H 2 0: 


C. 59.10; 


H. 9.45; 


N, 3.28. 


Found: 


C. 58.90; 


H. 9.46; 


N. 3.03. 



35 



Example 41 



-to 



45 



50 



- 2(S)'Am'ino>1-cyciohexyl-3(R).4(S)-dihydroxy-6-methylheptane Hydrochloride. ' 

To 0.17 g (0.50 mmol) of the resultant compound of Example 36 was added 5 ml. of 4 M HCI in 
dioxane. After being allowedto stand for 1 h at ambient temperature, the solution was concentrated with two 
chloroform chasers to give a white solid -which was used without further purification. 

Example 42 



55 



Boc-His Amide of 2(S)-Ammo-1 -cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptane. 



To a stirred suspension of Boc-His-OH (72 mg, 0.28 mmol) in dry dimethylformamtde (3 ml) at -23 C 
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was aacied a solution of the resultant compound of Example 41 (0.28 mmoi) in dry aimethylformamide (2 
ml) contain.ng N-methyimorphoiine (29 mg. 0.28 mmol). Hydroxybenzotnazole (HOBT. 58 mg, 0.43 mmol) 
and N N -dicyclohexylcarbodiimide (DCC. 59 mg, 0,28 mmol) were then added sequentially. After 2 h the 
mixture was allowed to warm to room temperature. After 22 h the mixture was filtered, evaporated, and 
partitioned between ethyl acetate (18 ml) and saturated aqueous NaHCOi (6 ml). The layers were 
separated, and the organic phase was washed with brine (5 ml), dried (Na 2 SO*>. filtered, and evaporated to 
a solid wh.ch was chromatographed on SiO< to give the desired compound. Mass spectrum: M - 480. 



!0 



Anal Catcd. for CasHnNiO* *3;4 H 2 0: 


C. 


60.8; 


H. 9.1; 


N. 


n. 3. 


Found: 


C. 


60.9; 


H. 9.2: 


N. 


11. 0. 



75 

Example 43 



20 3-Amino-4-cyclohexyl-2-hydroxy-l*isopropylsulfonylbutane Hydrochloride. 



Using the procedure of Example 41 with the resultant compound of Example 40 gave the desired 
compound which was used without further purification. 

25 

Example 44 



30 

His Amide of 2(S)-Amino-l -cyclohexyl-3-(R).4(S)-dihydroxy-6-methylheptane Dihydrochloride. 



Using the procedure of Example 41 with the resultant compound of Example 42 gave the desired , 
35 compound which was used without further purification. 

Examole 45 



40 

(4S.5S)'N-(3-Me thylbutyl)-5-amino-4-hydroxy-6-cyclohexyihex-l-ene-2-carboxamiGe Hydrochloride. 

-»5 Using the procedure of Example 41 with the resultant compound of Example 34 gave the desired 

compound which was used without further purification. 

Example 46 

50 



(2S.3R.4S)- i-Azido-2.3-dihydrqxy^ 

55 

Using the procedure of Example 41 with the resultant compound of Example 33 gave the desired 
compound which was used without further purification. 



89 



EP 0 364 804 A 1 

Example 47 



5 2 S.1 R:5S)-3-Ethyl-5*(2 -amino-3-cyciohexyl-1 •hydroxypropyOimidazotidin-2-one Hydrochloride. 

Using the procedure of Example 41 with the resultant compound of Example 29 gave the desired 
compound which was used without further purification. . 

jo ' 

. .- ' - . - ' - • ' Example 48 : - - ' * — • - * • ' . — -' • 



2 S.1 R. 5S)-2-Oxo-4-(2 -amino-3 -cyclohexyi-1 -hydroxypropyQdioxolane Hydrochloride, 

Using the procedure of Example 41 with the resultant compound of Example 26 gave, the' desired 
20 compound which was. used without further purification. 

. Example 49 

25 * " , - 

2 S.1 R.5 S)-3-Methoxy-5-(l -hydroxy-2 -ammo-3 -cyclohexytpropyi)oxazolidin-2-one Hydrochloride. - 

30 Using the procedure of Example 41 with the resultant compound of Example 24 gave the desired 

compound which was used without further purification.'. 

Example 50 •• 

35 . - 

2 S.1 : R.5S)-3-Ethyl-5-n -hydroxy-2' •aminp-3 :Cyciohexylpropyl)oxazotidin-2-one Hydrochloride. - 

40 ' ' ■ . * ' " • • 

Using the procedure of Example 41 with the resultant compound of Example 23 gave the. desired 
compound which was used without further purification. , 

■45, . - Example 51 



: N-(1(S)'{tert-Butyloxycarbonyl)-3»phenytpropyl)-L-leucyl Amide of 2(S)-Amino-1-cyclohexyi-3(R), 4(S)-dihydroxy* 
so™ " 6-methylheptane. 

To a mixture of the resultant compound of Example 16 (33.2 mg, 0.095 mmol) and 2{S)-ammo-1- 
cyclohexyi-3(R).4{S)-dihydroxy-6-methylheptane hydrochloride (26.6 mg, 0.095 mmol. Example 41) in 2 ml 
55 ' of anhydrous OMF was added 1-hydroxybenzotriazole hydrate (38.5 mg, 0.285 mmol), N-methyl morpholine 
* (11 mg, 0.114 mmol) and EDAC (21.9 mg, 0.114 mmol) sequentially at -23* C. After stirring for 2 h, the 
mixture was allowed to warm to room temperature. After another 17 h, the mixture was poured into ethyl 
acetate, washed with dilute sodium bicarbonate, water, and brine. The organic phase was aried and 
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concentrated under reduced pressure to a crude product which was chromatographed on siiica gel eluting 
with ethyl acetate:hexane (1.5:8.5) to obtain the desired compound (29.2 mg, 54%) as a white sond. *H 
NMR (CDCh. TMS) 6 0.9 (d.3H). 0.94 (d.3H). 0.95 (d.3H). 0.97 (d.3H). 1.49 <s.9H). 2.73 (m.2H). 3.05 (br 
t.lH). 3.11 (dd.1H), 3.20 (m.2H). 4.31 (m.lH). 7.22 (m.5H). Mass spectrum: (M + H) * = 575. 



Example 52 



70 

N.( 1 fSV(tert-Butylox ycarbonyl)-3-phenyipropyi)-D-ieucyi Amide of 2(S)-Amino- 1 -cyclohexyl-3(R),4(S)-dihydroxy- 

6-methylheptane"" 



is The resultant less polar (S.R) diastereomer of Example 10 was hydrogenated using the procedure of 

Example 16. The resultant product was coupled to the resultant product of Example 41 according to the 
procedure of Example 51 to give the desired compound. *H NMR (CDCI 3 , TMS) 6 0.9 (dd.6H). 0.95 (dd.6H). 
1.59 (s.9H). 1.94 <m.3H). 2.6 (m.2H). 3.2 <m.4H), 4.29 (m.1 H), 7.24 <m,5H). Mass spectrum: (M + H) * = 575. 

20 

Example 53 



25 N-n(R)-(t6rt-Butyloxycarbonyl)-3-phenylpropyl)-O.L-leucyl Amide of 2{S)-Amino- 1 -cyclohexyl-3(R).4(SV 

dihydroxy-6-methylheptane. 

The resultant diastereomeric mixture of Example 9 was hydrogenated according to the procedure of 
30 Example 16. The resultant acid was coupled to the resultant product of Example 41 according to the 
procedure of Example 51 to give the desired compound. *H NMR (CDCI 3 . TMS) S 0.85 -(dd.6H). 0.95 
(dd.6H), 1.5 (2s,9H), 3.1 (m.2H), 7.2 (m.5H). Mass spectrum: (M + H)* = 575. 

35 Example 54 



N-( 1{S)-ftert-Butyioxycarbonyl)-2-phenylethyl)-L-leucyl Amide of 2f S)- Amino- 1 -cyclohexyl-3(R).4fSVdihydroxy-6 
So : methyiheptane. 



The resultant more polar diastereomer of Example 8 was hydrogenated according to the procedure of 
Example 16. The resultant acid was coupled to the resultant product of Example 41 according to the 
J5 procedures of 51 to give the desired compound. 'H NMR (CDCI 3 . TMS) 5 0.83 (dd.6H). 0.89 (dd.6H). 1.37 
(S.9H). 1.93 fm.lH). 2.45 (d.2H). 4.28 (br dd.lH). 4.52 (br dd.lH). 7 24 (m.SH), 7.41 (br d.lH). Mass 
spectrum: (M + H)* = 561. 

so Example 55 



N-(1fS)-(tert-Butyloxycarbonyl)-2-phenylethyl)-0'ieucyl Amide of 2fS)-Amino-l -cyclohexyl-3(R).4(S)-dihydroxy6- 
55 methyiheptane. 

Using the proceaure of Example 54, but replacing the resultant more polar diastereomer of Example 8 . 
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with the less polar diastereomer :of Example 8 gave the desired compound. 1 H NMR (CDCli. TMS) 5 0.91 
(dd.6H), 0.96 <dd,6H)/1.38 (s,9H. 2.83 (br dd.2H). 4.16 (br m.1H). 4.5 (br.1 H). 6.8 (br,l H), 7.28 (m.5H). Mass 
spectrum: (M + H)* = 561. 

Example 56 



^.f 1f R).(tert- ButytoxycarbonylV2-phenylethyO-D*leucyi Amide of 2<S)-Amtno-l -cyclonexyl-3(R).4(S)-dihydroxy-6- . 
- — '■ methyiheptane. . 

Using the procedure -of-Example-52 T but- repiacing-^the^resultant ~(S.R) Jess^ polar^ diastereomer of . 

rs . Example 10 with the resultant product of Example 15 gave, the desired compound, 

* h NMR (CDCh. TMS) 5 073 (dd.6H). 0.88 (dd,6H). 1.41 (s.9H). 2.8 (dd,1H), 2.97 (dd.1H). 3.12 (bm.3H). 
3.43(dd.1H), 4.3 (m,1H), 4.86 (bm,1H), 7,95 (bd,1H). Mass spectrum: (M + H)V = 561. 

20 Example 57 



N-( 1 -(Ethoxycarbonyl)-3-phenyiprbpyl)-L-atanine, benzyl ester. 

25 " ' ' ' . . 



(More polar and Less polar isomers) 

30 ' : ■ . ' 

2-Oxo-4-phenylbutyric acid, ethyl ester (Syn. Comm.. 11(12), 943-946. 1981) was treated with L-Ala 
benzyl ester HC! according to the procedure of Example 8. The crude product was chromatographed 
eluting with 15% EtOAc/Hex to. give two separate diastereomers. Less polar isomer (18% yield). H NMR 
(CDCb. TMS) 6 1.25 (t,3H), 1.32 (d,3H), 1.94 <m,2H), 2.37 (bs.lK), 2.71 (t.2H). 3.27 <bt.1H). 3.38 (q.1H>. 4.12 
35 (m.2H), 5.1 3 (dd.2H). Mass spectrum: (M + H)* = 370. 

More polar isomer (20% yield) *H NMR (CDCb. TMS) 5 1.28 (t.3H), 1.35 (d.3H), 1.93 (m.2H). 2.71 
.(m.2H). 3.35 <dd.1H). 3 ; 43 (q.1H)! 4.15 (m.2H). 5.15 (dd.2H). (M + H)* = 370. 

jo Example 58 



N-/KR or S)-(Ethoxycarponyl)-3-phenylpropyl)-L-alanyl Amide of 2(S)-Amino- 1 -cyctohexyl-3(R),4{ SVdihydroxy-6- 
Js methyiheptane. 

The more polar resultant product of Example 57 was hydrogenated according to the procedure of 
Example 16.- The resultant acid was coupled to the resultant product of Example 41 according to the 
so procedure of Example 51 to give the desired compound in 80% yield. H NMR (CDCb, TMS) 6 0.9 (dd.6H), 
1.27 (t.3H>. 129 (d,3H). 2.3 (bd.1H). 2.69 (bt.2H). 3.12 (m.3H). 3.34 (t.1H), 4.15 (m,2H), 4.3 (m.1H). 4.63 
(b.lH), 7.67 (bd.lH). Mass spectrum: (M + H)* = 505. 

55 Example 59 . 
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N-(1(R or SHEthoxycarbonyl)-3-pheny<prooyl)-L-aianyl Am.de of 2(S)-Amino-l-cyctohexyl-3(R), 4(S)-dihydroxy-6^ 
— 1 " — " ~ rnetny I heptane. 

5 Using the procedure of example 58. but replacing the more polar resultant product of Example 57 with 

the less polar product of Example 57 gave the aesired compound. "H NMR (CDCh. TMS) 5 0.9 (dd.6H). 
1.26 (t.3H). 1.28 <d.3H). 2.3 (bdj.H). 2.68 (t.2H). 3.12 <m.3H). 4 17 (q.2H). 4.3 (m.VH). 7.67 (bd.lK). Mass 
spectrum: (M + H)* = 505. 



to 



Example 60 



i (R or SV(Ethoxycarbonyl)-3-phenylpropyl)-L-His Amide 'of 2fS)-Ammo- 1 -cyclohexyl-3( R).4(S)-dihydroxy-6- 
— — ~ " . methylheptane and its isomer. 

Using the procedure of Example 57. but replacing L-Ala benzyl ester-HCI with the resultant compound 
of Example 44 gave a mixture of two diastereomers which were separated on silica gel chromatography 
eluting with 5% CHoOH/CHCb less polar isomer (a) \H NMR (CDCb. TMS) 6 0.9 (dd.6H), i .25 (t.3H), 1.1- 
1 9 <m 19H) 26 (bt 3H), 3.1 <m,3H>. 4.1 <m.2H), 4.3 (m,1H), 6.9 (s.lH), 7.2 (m.5H). 7.58 (s.lH). Mass 
spectrum- (M + H)* = 571. More polar isomer (b) 'H NMR <CDCi 3 . TMS) 6 0.9 (dd.6H), 1.2 (t.3H). 4.1 



20 



25 



30 



35 



-5 



(q.2H). 4.3 (m.lH), 6.9 (s,1H), 7.3 (m.5H), 7.6 (sJH). Mass spectrum: (M + H) = 571. 



Example 61 



N-( 1(R)-(4-Morpholinylcarbonyl)-3-phenyl propyl)-L-leucine benzyl ester. 

.# 

The resultant less polar (S.S) isomer of Example 9 (770 mg. 1.76 mmol) was stirred in 7 ml, ; of 4 M 
HCI/dioxane 'for 16 h. The solvent was evaporated off under reduced pressure to provide a solid. The 
residual solid (400 mg ( 0.95 mmol) was coupled to morpholine (0.96 mmol) using NMM, HOBT, and EDAC 
according to the procedure' of Example 5V to give the desired compound in 70% overall yield. 'H NMR 
(CDCIt. TMS) 5 0.9 (dd.6H). 2.75 <m.2H), 3.2 (t.2H) ; 3.35 (t.2H). 3.5 (m.2H). 3.6 (m.2H), 5.05 (s.2H),.7.4 
(m.5H). 

Example 62 



N-(1fS)-(4-Morpholinylcarbonyl)*2-phenylethyl)-L-aianine. benzyl ester. 



Using the procedure of Example 61. the resultant less polar isomer of Example 1 1 was hydroiyzed and 
so coupled to morpholine to give the desired compound. : H NMR (CDCl 3 . TMS) 5 1 .35 <d,3H), 2.5 (m.2H). 2.8 
(m.2H). 3.1 (m.lH), 3.3 (m.2H). 3.5 (m.2H), 3.8 (q,1H). 5.2 (s.2H). 7.25 (m,5H). 



Example 63 



55 



-(l(R)'(4-MorDholinylcarbonyi)-2'phehylethyl)-L-aianine. benzyl ester . 
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Using the procedure of Example 61. the resultant less polar isomer of Example 13 was hydrolyzed and 
coupled to morpholine to give the desired compound in 32% yield. H NMR (CDCii. TMS) 8 0.82 (d.3H), 
5 2.73 (m.3H). 3.03. (m.2H). 3.36 (m.4H). 3.56 (m.1H). 3.64 (m.lH), 3.78 (dd,1H), 5.12 (s.2H). Mass spectrum: 
: ■ (M + H) * = 397. • 



Example 64 



N-f 1 (S)-(4>MorDholinylcarbonyl)-2-ohenyiethyl)-L-norLeu, benzyl ester. 



Using the procedure of Example 61, the resultant more polar (S.S) .isomer of Example 14 was 
hydrolyzed and coupled to morpholine to give the desired compound in 65% yield. H NMR (CDCI3, TMS) 5 
0.86 (m.3H). 1.27 (m.4H), 2.44 <m.2H), 2.77 (m,2H). 2.99 (dd.1H); 3.13 (m.2H), 3.32 (m.2H), 3.53 (m.2H). 3.7 
(ddJH), 5.18 (s.2H). Mass spectrum: (M + H)- = 439. 



. ' " ' '. Example 65 . ' • 

25 „ . - ■ : 

N-f 1 (S)-f4-Morpholiny lcarbonyi)-2-phenylethyl)-L-leucyl Amide of 2(S)-Amino-l -cyclohexyl-3(R),4{S)-dihydroxy-6- 

methyfheptane. "~ 

30 Using the procedure of Example 61. but replacing the resultant product of Example 9 with the more 
polar (S.S) resultant product of. Example 54 gave the desired compound in 71% : yield. 'H NMR (CDCI3 
- TMS) 5 0.87 (dd.6H); 0.93 (dd,6H) ( 2.88 (m,6H), 3.16 (m,4H). 3.62. (m.4H), 4.22 (bm.1H). 4.52 <bd.1H). 7.09 
(bd.1H). Mass spectrum: (M + H)* = 574. ' ' ■ 

35 . - ' 

■ * . . Example 66 



• ^-(1{S)-(tert'Butytoxycarbonyl)-2-phenylethyl)-L-alanyl Amide of 2(S)-Amino- 1 -cyclohexy i-3( R).4(S)-dihydroxy-6- 

methylheDtane. "~ ~ 



Using the procedure of Example 58, but replacing the more polar resultant product of Example 57 with 
■^5 the less polar (S.S) resultant proauct of Example 11 gave the desired compound in 76% yield. H NMR 
{CDCI 3 TMS) 5 0.92 (dd.6H), 1.42 (d.2H), 1.42 (S.9H), 1.4 (m.lH), 2.72 (dd.2H), 2.95 (dd.lH). 3.09 (m.3H). 
4,11 (M.1H), 4.45 (b. 1 H). 6.78 (bd.1 H). Mass spectrum: (M + H)* = 519. 



so Example 67 



N-(1(SH3-(Ethoxycarbonyl)propylcarbamoyl)-2-phenylethyO-L-alanyl Amide of 2(S)-Amino- 1 -cyciohexyl-3(RV4- 
55 (S)-dihyaroxy-6-methylheptane^ 



Using the procedure of Example 61, the -resultant compound of Example 66 was hydroyzed and 
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coupled to 3-{ethoxycarbonyl)-propyl amine according to the procedure of Exampie 51 gave the desired 
compound in 33% yield. : H NMR (CD 3 OD. TMS) 5 0.92 (dd.6H). 1.24 (d.3H). 1.25 (t.3H), 2.1,5 (t.2H). 2.88 
(m.2H), 4.12 (q,2H), 7.23 (m.5H). Mass spectrum: (M + H)" - 576. 

5 . 

Example 68 



nfrO (S)-(4-MorDhoiinylcarbonyQ-2-phenylethyl)-L-aianyl Amide of 2(S)-Amtno-l -cyclohexyl-3(R>.4(S)-dihydroxy-6- 

" methyiheptane~~ ■ 



" Using the procedure of Example 52. but replacing the resultant (S.R) less polar product of Example 10 
15 with the resultant product of Example 62 gave the desired compound. *H NMR (CDCb. TMS) 8 0.8 (d.3H). 
0.95 (d.3H), 1.25 (t.3H). 2.7-3.0 (m.4H). 3.15 (m.2H), 3.5 (m,2H), 3.7 <m.2H), 7.3 (m.5H). Mass spectrum: 
(M + H)* = 532. 



20 Example 69 



N-(1(S)-(4-Morpholinylcarbonyl)-2'phenylethyl)-L-norleucyl Amide of 2(S)-Amino-1-cyclohexyl-3(R).4(S)- 
25 dihyaroxy-6-memytheptane. 



Using the procedure of Example 52. but replacing the resultant (S.R) less polar product of Exampie 10 
with the resultant product of Example 64 gave the desired compound in 50%* yield. : H NMR (CDCI3 , TMS) 5 
30 0.88 (dd.6H). 0.9 (t.3H). 1.87 (m,1H), 2.85(m.5H). 3.15 (m,3H), 3.4 (m.2H). 3.62 (m,3H). 4.24 (bt.1H). 4.51 
(bdJH). 7.06 (bd.lH). Mass spectrum: (M + H)' = 574. n 

Example 70 

35 



N-f 1 (R)-(*i-Morpholinytcarbonyl)-2-ohenylethyl)-L-alanyi Amide of 2{S)-Amino-1 -cyclohexyl-3fRl4(S)-dihydroxy-6- 

methyiheotane. ! 
10 : " 

Using the procedure of Example 52. but replacing the resultant (S.R) less polar product of Example 10 
with the resultant product of Example 63 gave the desired compound in 57% yield. 'H NMR (CDCb TMS) 5 
0.9 (dd.6H). 1.3 (d.3H). 2.92 (m.4H). 3.2 (m.3H). 3.37 (m.3H), 3.64 (m.2H), 3.88 (b dd.lH), 4.3 (mJH), 4.74 
-iS (bd.lH), 7.8 <bd.1H). Mass spectrum: (M + H)* = 532. 



Example 71 

so 

N-(1 (R)-(4-Morpholinylcarbonyl)-3-phenytpropyl)-L-ieucyl Amide of 2(S)-Amino-1 -cyctohexyl-3(R).4(S)-dihydroxy- 

- - 6-methyiheptane. ' '. \ . — '* 

55 

Using the procedure of Example 52. but replacing the resultant (S.R) less polar product of Example 10 
with the resultant product of Example 61 gave the desired compound. *H NMR (CDCI3, TMS) 0 0.8-1.0 
(3d.l2H). 2.6-3.6 (m.iOH), 7.3 (m.5H). Mass spectrum: (M + H) * = 572. 
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Example 72 



5 tert-Butyl (2(S)-2-(tert-butyloxycarbamoyl)-3-phenyjpropyl)sulfide. 



Tert-butyl mercaptan (0.52 ml, 416 mg. 4.61 mmoi) was added to a suspension of sodium hydride (ill 
mg, 4.62 mmol) in 8 ml of THF. cooled to 0* C under a nitrogen atmosphere. The resulting suspension 'was 
jo stirred at 0*C for 1 h, and for an additional 3 h at room temperature. To the resulting -thick white 
suspension, cooled to 0"C. was added dropwise via cannula, a solution of 1 -phenyl-3-p-toluenesutfonyioxy- 

2(S)-t-butyloxyamidopropane (1 .63 g, "4.02 mmoiy in'lO^ml of THF. The resultant mixture was allowed to stir 

and slowly warm to room temperature over 1 8 h. The mixture was partitioned between 75 ml Et2 0 and 50 
— ^ml„water.-Xhe~organic- phase -was._extracted^with~50_ml^saturated- NaHCO3 . then- the-combined- aqueous 
;s phases were extracted with 2 x 50 ml Et20. AH organic phases were combined, washed with 50 mi brine, 
dried (MgSO*), and the filtrate concentrated under reduced pressured to afford 1.40 g of orangish solid. 
Purification by recrystallization (hexanes, three crops) gave 1.16 g (89%) of white crystals: m.p. 67-69 * C. 
*H NMR (CDCi 3 ) 5 1.31 (s,9H), 1.43 (s.9H), 2.57 (dd.VH)! 2.66 (dd,1H), 2.84 <m.2H). 4.04 (bm.1H), 4.79 
. (bm,1H), 7.16-7.4 (m.5H). " " 

20 

. ' ~~ " \ ~~ ■" V Example 73 - ." " ' " • ' ■ 



25 . ' • ' ' 

tert-Butyl (2(S)-2-(tert-butyloxycarbamoyl)-3-phenylpropyi)sulfone: 

The resultant;compound from Example 72 (863 mg, 2.67 mmol) was dissolved in 5 ml absolute ethanol 
30 and 5 ml THF-, and 2.5 ml water and 5 mi pH' 4.5 aqueous phosphate buffer was added. The mixture was 
cooled in ice and treated with OXONE (2.45 g. 8.00 mmol KHSOs). The mixture was stirred and allowed to 
warm to room temperature: After 60 h, the mixture was partitioned between 50 ml water and 50 ml CH2CI2. 
The aqueous phase was further extracted with 3 x 50 ml CH2CI2, and the combined organic extracts were 
washed with brine, dried (MgSO*), filtered, and the filtrate concentrated under reduced pressure to give 942 
35 mg of white solid. Recrystallization from CH^C^'E^O (three crops) afforded 839 mg (88%) of white 
crystals; m.p. 169-1 70.5 " C , 'H NMR (CDCh) 6 1.38 (s,9H). 1.42 (s,9H). 3.1-3.3 (m.4H), 4.30 (bm.t H). 5.26 
/ (bs.lH). 7.21-7.42 (m.5H). High resolution mass spectrum; calcd. for (^H^cNOiS (M + H) * : 356.1895. 
Found: 356.1894. . 

do ■ . • • 

Example 74 



4 5 . tert-butyl (2(S)-2-amino-3-phenylpropyl) sulfone hydrochloride. 

The resultant compound from Example 73 (741- mg, 2.09 mmol) was treated with 2.5 ml of 4.5 M HCI in 
dioxane at room temperature. After 24 h the volatiles were removed under reduced pressure, "and the 
so residue placed under high vacuum overnight, to afford 614 mg (100%) of the desired compound; m.p. 
>220*C. 'H NMR (CDCh) 5 1.34 (s,9H). 3.20 . (dd,1 H) t 3.26 (dd.1H), 3.70 (dd.1H), 3.89 (dd.1H), 4.25 
. (bm,1H), 7.25-7.35 (m.5H), 8.7 (bs,1H + H 2 0). 

55 Example 75 
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N-{1(S)-(tert»B utylsulfonyimeihyl)-2-phenyjethyi)-D,L-aianine ethyl ester. 

A suspension of the resultant compound from Example 74 (200 mg, 0.685 mmol) in 5 ml of isopropanol 
was cooled to 0*C. then ethyl pyruvate (96 mg. 0.822 mmol) and sodium acetate (140 mg, 1.03 mmol) 
were added. Sodium cyanoborohydride (49 mg. 0.780 mmol) was added as a solution in 1.2 mi of 
isopropanol. and the reaction mixture was allowed to warm slowly to room temperature and stir for 48 h. 
The mixture was stirred with 5 ml of 1 M sodium carbonate for 1 h at room temperature, then the mixture 
was concentrated under reduced pressure. The residue was partitioned between 40 ml of water and 50 ml 
of CH 2 CI 2 . The aqueous phase was further extracted (4 x 25 mi CH 2 CI 2 ). then the combined organic phases 
were washed (50 ml sat. aq. NaHCOa. 50 ml brine), dried (Na 2 SCU). and the filtrate concentrated under 
reduced pressure. Purification by column chromatography (Et 2 0-hexanes 5:1) gave the two isomeric 
products. 70 mg (29%) of the less polar isomer,, and 124 mg (51%)^ of the more polar isomer, as colorless, 
viscous oils. 

Data for the less polar isomer: "*H NMR (CDCh) 5 1.27 <dd,3H). 1 .3 (d,3H). 1 .57 (bm.iH), 2.74-3.04 
(m4H), 3.50 <b q,1H). 3.62 (m.lH). 4.20 (qd,2H), 7.2-7.33 <m.5H). 

Data for more polar isomer: 'H NMR (CDCb) 5 1.23 (t.3H). 1.30 (d.3H), 2.89-3.16 (m.4H). 3.54 (q.lH). 
3.58 (m,lH), .4.12 (qd.2H). 7.21-7.35 (m.5H). 

Example 76 v 



^. (r( SHtert-Butylsutfonylmethyl)-2-phenylethyO-L-alanyl Amide of 2(S)-Amino-l •cyclohexyl-3(R).4(S)-dihydroxy- 
™ " " 6-methyFheptane. 



The resultant comoound from Example 75 (51 mg. 0.143 mmol. more polar isomer) was treated with 

30 lithium hydroxide (160 ul.1.0 M in H 2 0, 0.160 mmol) in 1.0 ml of THF. After 20 h. the solution was 
concentrated under reduced pressure and the residue was placed under high vacuum, affording 49.3 mg of 
the corresponding lithium carboxyiate. The carboxylate salt was then suspended in 1.4 ml of dry DMF. 
cooled to 0*C. and hydroxybenzotriazole monohydrate (22.6 mg. 0.148 mmol).« ethyl 
. (dimethylaminopropyl)carbodiimide hydrochloride (38 mg. 0.198 mmol) and N-methylmorpholine >: (36 mg. 

35 0.355 mmol) were added. After stirring for 5 min. the resultant compound from Example 41 (40.2 mg. 0.1 44 
mmol) was added, and the resulting- mixture allowed to slowly warm to room temperature and stir for 48 h. 
Concentration under high vacuum was followed by partitioning of the residue between 15 mi of EtOAc. 5 ml 
of sat. aqueous NaHCCh and 2 mi of -water. The aqueous phase was further extracted with 2 x 10 ml of 
E:OAc. and the combined organic extracts were washed with 10 ml of brine, dried <Na 2 S0 4 ), and the filtrate 

;o was concentrated under reduced pressure to give 69.3 mg of yellow oil. Column chromatography on silica 
gei (EtOAc-hexane 5:2) afforded 33.8 mg (69%) of the desired product as a glassy solid. : H NMR (CDCI3) 5 
0.74 (d,3H), 0.90 (d.3H + m,4H). 1 .1 -1 .75 (several m, 11 H), 1.32 (s.9H). 1.39 (d.3H). 1.87 (m.1H), 2.74 
(dd.1H). 2.78 (dd.1H), 3.06 (m,2H). 3.17 (bs.lH). 3.43 (bq,1H). 3.55 (bm.lH). 4.2 (bm.2H). 4.57 (bm.lH). 
7.18-7.38 (m.5H), 7.52 and 7.71 (2m, 1H). High resolution mass spectrum; caicd. for C 3 cHs 3 N 2 GsS (M + H) : 

-5 553.3675. Found: 553.3677. 

Examole 77 ' 

so - * 

1 (S)-(4-Morpholinylcarb6nyl)-2-phenylethanol. 



55 Morpholine (0.48 ml. 5.47 mmol) was added to a mixture of L-pheny!lactic acid (1 g, 6.02 mmol) and 

HOBT (2 g, 14.77 mmol) in DMF (30 ml). The clear solution was cooled to -23 ' C and then treated with 
EDAC (1.648 g. 6.02 mmol). the mixture was stirred at -23* C for 2 h and then allowed to warm to room 
temperature and stirred for another 18 h. The resultant yellow liquid was concentrated and then taken up 
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into EtOAc. washed consecutively with 5% NaHCCh, H 2 0, and brine. The crude product obtained after 
concentration was chromatbgraphed on Si02 column, eluted with 50% EtOAc/Hexahe. The desired product 
was. obtained as white, needles (1.0972 g. 85%). "H NMR (CDCh, TMS) 8 1.59 (b.VH), 2.93' (t.2H), 3.07 
(dd.-lH), 3.3 (b dd;2H), 3.58 (m,4H). 4.59 (bt.lH). Mass spectrum: (M + H)* = 236 : - ' \ . 
5 Analogous to the preparation of Example 77 the following compounds were prepared. 



Example 78 



1fS)-(N-Azetidinylcarbonyl)::2-phenylethanoi (60%). . - 



15 ! H NMR (CDCb. TMS)'5 2,19 (m,2H), 2.91 ;<dd,2H), 3.42 (m v "lH). 4.03 (m,3H). 4.22 (UH). Mass 

spectrum: (M + H)* = 206: : ;.■ . 



Example 79 

20 ...... 



1 (S)"(N-Pyrolidinylcarbonyl)-2-phenylethanol. 

25 ■ ' " ■ • ' . •• _..*'■ . •' ~ ;•• • 

"H NMR (CDCI3. TMS) 5 1.82 (m,4H). 2.91 <m;3H), 3.4 (m.1H).. 3.56 (m,2H), 4.39 .<t;1H). Mass spectrum: 
(M + H.) * = 220. ' • " . . / 



30 r \ .Example 80 



■ . 1(S)-(N-Pipendinylcarbonyl)-2-phenylethahol. (84% yield). 

35. . ~~ ' ~~ " ' " ■ ~ ' ~ . 

'H.NMR (CDCI3. TMS) 5 1.52 (m.6H), 2.88 <dd.2H),. 3.1 6 (m.lH),'3.31 (m,1H), 3.5. (m.lH). '3.6.4 (m.l'H), 
3.82 (b-.1H),.4.59 (b dd.lH). Mass spectrum: (M + H) # = 234. - 

Example 81 . 



45« 1 (S)-(4-(Methoxycarbony Dpipendin- 1 -yl-carbonyO-2-pheny lethanol (84% yield). 



'H NMR (CDCI3, TMS). 5 0.9 (m,1H),. 1.64 (m.VH), . 1 .88 (m,2H). 2.52Jm,1H). 2.88 <d.2H). 2.92 (m,2H), 
3.64 (m.2H) t 3,7 (s,3H) t 4.35 (m.lH), 4.6 (dd.1H). Mass spectrum: (M + H)* = 292. 
so ■ . . 

Example 82(a) , 



55 ■ . . 

4-(Methdxymethoxy)-piperidine 



.* 10 
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A solution of 200 g (1.98 mol) of 4-hydroxypiperidine (Aldrich) and 160 mL (2.59 mol) of methyl formate 
was allowed to stir first at ice-water bath temperature for 30 min then at rt for 2 h. Excess methyl formate 
and methanol were removed by rotary evaporation under vacuum then submitted to high vacuum (0.5 mm 
Hg) for 1 8 h. The crude formamide was used without further purification. 

5 The crude formamide was dissolved into 1 L dichioromethane. 700 mL of diisopropylethylamine. and 

cooled in an ice-water bath. MOMCi (200 g) was added dropwise and the reaction stirred to rt over 8 h. 
Another 250 mL portion of diisopropylethylamine was added and the reaction mixture recooled in an ice- 
water bath. MOMCI (100 g) was aaded dropwise and the reaction mixture stirred to rt over 18 h. TLC (2 0/ o 
CHbOHEtOAc) showed complete reaction. Saturated sodium bicarbonate solution was added (2 L) and the 

io dichioromethane layer separated- The aqueous layer extracted once with dichioromethane. The combined 
dichioromethane solutions were combined, dried (MgSCU) and evaporated at 65 0«C using a rotary 
evaporator to remove excess diisopropylethylamine. then kept at rt (0.5 mm Hg) for 1 h. The crude ether 
was used in the next step without purification. . 

The crude residue was stirred rapidly at rt for 24 h with a solution of 300 g KOH (85%) in l .5 L of 

/5 water. The aqueous suspension was extracted four times with diethyl ether, dried (MgSOO and con- 
centrated under reduced pressure. The product was isolated by short path distillation as a water white 
liquid. Yield 190 g (66% from 4-hydroxypiperidine): bp 68-70* C at 0.7 mm Hg: 

: H NMR (CDCh. TMS) 5 1,65 (m.2H). 1.95 (m,2H), 2.8 (m.2H). 3.15 (m.2H). 3.4 (s.3H), 4.7 (s.2H). Mass 
spectrum : {M + H) =146. 

20 

Example 82(b) 



25 5 

1 (S)-(4-(Methoxymethoxyl)ptperidin- \ -yl-carbonyl)-2-phenylethanol. 

A solution of 176 g (1.3 mol) of 1 -hydroxybenzotriazole (Aldrich), 80 g (0^48 mol) of L-3-phenyllactic 
30 acid (prepared from L-phenylaianme) 76 g (0.52 mol) of 4-(methoxymethoxy)piperidine in 800 mL of DMF 
was cooled to -25 0*C (internal temperature) while 132 g EDC HCI (Saber Labs) was added (mechanical 
stirring). After addition the reaction was stirred to rt over 24 h. Excess OMF was removed under high 
vacuum and the residue dissolved into 1.5 L of ethyl acetate. The ethyt acetate solution was washed with 4 
L of saturated sodium bicarbonate. The ethyl acetate layer was separated, dried (MgSOO and evaporated to 
35 give approximately 138 g of crude amide. The product was isolated by silica gel chromatography using 
ethyl acetate/hexane as eluant. Yield. 1 20 g (79%). 

' H NMR (CDCb. TMS) 5 1.61 (m.2H). 1.81 (m.2H), 2.89 (m.2H), 3.38 (s.3H). 3.5 <m.2H). 3.79 (m.2H). 
3.96 (m.lH). 4.62 (t.1H), 4.68 (S.2HK 



Examole 83 



45 2( S)-(1(S)-(4-(Methoxymethoxy)piperidin'l-yl-caroonyl)-2-phenylethoxy)hexanoic acid. 

The resultant compound of Example 82(b) (1.45 g. 4.95 mmol). in TO ml THF was added dropwise to 
the cooled suspension of sodium hydride (60% dispersion in oil. 0.5 g, 11.2 mmol) in 4 ml THF (0-5oC). 

50 The suspension was stirred for 20 mins at 0-5oC and then warmed up to room temperature and stirred for 
additional 1 h. Solution of D-2-bromohexanoic acid in 6 ml THF was added dropwise to the cooled 
suspension (0-5oC) at N 2 atmospnere. it was then allowed to warm up to room temperature and stirred 
overnight. -Quenched with coid H 2 0 and extracted, with ethyiacetate to remove unaesirea starring. material. It 
was acidified with 1 M sodium hydrogen sulfate ana extracted with chloroform. After filtration and 

55 evaporation, the crude product was purified on silica gel. eluted with CH2CI2: CH 3 OH: AcOH (19.4 = 
0.3:0.3) to obtain 0.79 g of desired acid (43 % yield), 

■H NMR (CDCI3 . TMS) 6 0788 (t.3H). 3.35 (S.3H). 3.98 (bUH). 4.6 (m.lH). 4.64 (S.2HV 7.38 (rivSH). 
Mass spectrum: (M '+ H) = 408. 
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Example 84 (Method A) 



5 2(SH1 (SH4-Morpholiny carbonyi)-2-.phenylethoxy)hexanoic acid Amide of 2f S)-Amino- 1 -cyclohexy l-3(R),4(S)- . 
"~ ~ - ~~ dihydroxy-6-methylheptane. 



The resultant compound of Example 77 (1 10 mg. 0.468 mmol). in 5 ml of dry THF. was added dropwise 
to to sodium, hydride (60% dispersion in oii, 39 mg, 0.93 mmol) in 6 ml of dry THF at 5* C. The mixture was 
stirred at 5* C for half hour and at room temperature for another half hour. Then the mixture was cooled to 
5 ' C ~ and D-2-bromohexahoic acid (91 mg. 0.468 mmol) in 5 ml of 'dry" THF was . added 'dropwise. The~ 
mixture was stirred at 5 * C for 5 h and at room temperature for 16 h. 3 ml of dry DMF was added and the 
mixture was-stirred-for-another-day ~The-mixture-waS; evaporated to-provide-a-solid-which-was-partitioned - 
j 5 between ethyl acetate and water. The aqueous portion was acidified with citric acid and extracted with ethyl 
acetate. The organic portion was dried and filtered, and the filtrate was evaporated to a solid which, without 
purification, was coupled to the amindglycol of Example 41 according to the "procedure of Example. 51 
(except that only one equivalent of HOBT was used). After isolation, the crude product was chromatog- 
raphed eluting with ethyl acetate:hexahe (5:2) to obtain the desired compound in 37% yield. 
20 H NMR (COCIr. TMS) 5 0.8 <d.3H). 0.95 (m.5H). 1.2-1.9 <m.22H), 3.0 <q.2H). 3.2 (m.4H), 3.55 (m.2H), 

3.65 <m.2H), 3.8 (tJH). 4.4 (q,lH), 7.3 (m,5H). R, = 0.30 (EtOAc 5:Hexane 2). 

Example 84 (Method 8) ' 

25 . 

2(S)-(1(S)-(4-Morpholinylcarbonyl)-2-phenyiethoxy)hexanoic acid Amide of 2{S)-Amino-1 -cyciohexyl-3(R).4(S)- 
~~ ~ ' ~~ [ dihydroxy-6-methyiheptane and the 2(RV isomer. 

30. ' 

■ The resultant compound of Example 77 (1.1 g t 4.68 mmol), in 10 ml of dry THF. was added dropwise 
. into sodium hydride (60% dispersion in oil, 390 mg. 9.3 mmol) in 6 mi of dry THF at 5* C. The mixture was 
stirred, at 5* C for. a half hour and at room temperature for another half hour. Then.the mixture was cooled to 
35 5*C and D,L-2-bromohexanoic acid (910 mg, 4.68 mmol) in 10 ml of dry THF was added dropwise. The 
mixture was stirred at 5* C for. 5 h and at room temperature/for 16 ri. 3 ml of. dry DMF was added and the 
mixture was stirred for another day. The mixture was evaporated to a solid which was partitioned between 
ethyl acetate and water. The aqueous portion was acidified with' citric acid and extracted with ethyl acetate. 
The organic portion was dried and filtered, and the filtrate was evaporatea to a solid which, without 
. jo purification, was coupled to the aminoglycol of Example 41 according , to the procedure of Example 51 
(except that only one equivalent of HOBT was, used). After isolation, the crude product was chromatog- 
raphed eluting with ethyl acetate:hexane .(5:2) to obtain two compounds: the less polar diastereomer (150 
mg. 22.5% (2 steps)) and the more polar diastereomer (130 mg, 19.4% (2 steps)). 

Less polar 1(S).2(R) isomer (a) 'H NMR (CDCI3. TMS) 0 0.85 (m,5H)'o.95 (d.3m. 1 .2-1,9 (m.22H)^3.0 
^5 (q.3H). 3.2 (m ( 4H), 3.5 (m,2H), 3.65 (m,2H), 4.2 (m.1H), 4.45 (t.1H), 7.25 (m.5H). Mass spectrum: (M + H)* = 
575. 

More polar 1(S).2(S) isomer (b) *H NMR (CDCb. TMS) 5 0.8.(d,3H), 0.95 (m,5H). 1.2-1.9 (m.22H)^3.0 
(1.2H), 3.2 (m,4H). 3.55 (m.2H), 3.65 (m.2H), 3.8 (t,1H), 4.4 (q.lH), 7.3 (m,5H). Mass spectrum: (M + H)* =. 
575. Rt = 0.30 (EtOAc 5:Hexane 2). 

'50 

Example 85 



55 

2(S)-(1(S)-(4-Morpholinylcarbonyl)-2-phenylethoxy)octanoic acid Amide of 2(S)-Amino-l-cyclohexyl-3(R),4(S)- 

oihydroxy-6-methylheptane and the 2(R) isomer. 



100 



EP 0 364 804 A1 



The resultant compound of Example 77 (0.2 g. 0.85 mmol). in 10 ml of dry THF, was added dropwise 
into sodium hydride (60% dispersion in oil. 0.04 g, 0.85 mmol) in 6 mi of dry THF at 5 * C. The mixture was 
stirred at 5* C for a half hour and at room temperature for another half hour. Then the mixture was cooled to, 
5'C and D.L-2-bromooctanoic acid (0.19 g, 0.85 mmol) in 10 ml of dry THF was added dropwise. The 

5 mixture was stirred at 5* C for 5 h and at room temperature for 16 h. 3 ml of dry DMF was added and the 
mixture was stirred for another day. Without isolation, the resultant crude product in the mixture was 
coupled to the aminoglycol of Example 41 according to the procedure of Example 51 (except that oniy one 
equivalent of HOBT was used). After isolation, the crude product was chromatographed on silica gel eluting 
with ethyl acetate:hexane (3:1) to obtain two separate diastereomers. Total yield of the two isomers = 

:o 26.5% (two steps). 

Less polar 1(S).2(R) isomer: 5 H NMR (CDC! 3 . TMS) 5 0.9 (m,5H). 0.95 (d.3H). 1.2-1.9 (m.26H). 3.0 
(q.2H). 3.2 (m,4H), 3.5 (m.2H). 3.7 (m.2H). 4.25 (bq.lH). 4.45 (t. 1 H>. 7.3 (m f 5H). Mass spectrum: (M + H) * = 
603. 

More polar 1{S).2(S) isomer: : H NMR (CDCb. TMS) 5 0.8 (d.3H), 0.9 (t.3H), 0.95 (d.3H). 1.1-1.9 
?'5 (m.26H). 3.0 (q.2H). 3.1 (m,4H), 3.5 (m,2H). 3.6 (m.2H). 3.8 <UH), 3.9 (q.lH). 7.3 (m.5H). Mass spectrum: 
(M + H)* = 603. 

Analogous to the preparation of Example 83 the following compounds were prepared. 



20 Example 86 



2(S)*(1(S)-(4»Morpholinylcarbonyl)-2-phenytethoxy)propionic acid Amide of 2f S)- Amino- 1 -cyciohexy l-3(R),4(S)- 
25 : dihydrocy*6-methylheptane (30% yield). 



'H NMR (CDCls. TMS) 5 0.89 (dd.6H). 1.43 (d.3H). 1.87 (m.lH). 3.04 (dd.2H). 3.1 (m.2H). # 3.3 (bm.2H). 
3.44 (m,1H), 3.61 (m,6H), 3.89 (q.lH). 4.14 (m.2H). 4.42 (dd.1H), 6.01 (bd.1H). Mass spectrurnf(M + H)~ = 
30 533. 



Example 87 

35 

2(S)-( 1 (S)-(N- Azetidinyicarbonyl)-2-phenylethoxy )propionic acid Amide of 2{S)-Amino-l-cyciohexyl-3(RV4(S)- 

ciihydroxy-6-methylheptane (26% yield). 

•to 

' H NMR (CDCb, TMS) 8 0.9 (dd.6H), 1.43 (d.3H). 1.88 (m.lH). 2.2 (m.2H), 3.02 (m.2H), 3.78 (m.lH). 3.9 
(q,1H), 4.07 (m.5H). 6.03 (bd.1H). Mass spectrum: (M + H)* = 503. 

J5 Example 88 



2(S)"(l(S)'(N-Pyrolidinylcarbonyl)-2-phenylethoxy)propionic acid Amide of 2(S)- Amino- 1 *cyctohexyl-3(R),4(S)- 
50 dihy droxy-6-methy (heptane (26% yieidV. 



'H NMR (CDCb. TMS) 5 0.9 (dd.6H). 1.44 (d.3H) ( 3.02 (m.5H), 3.37 (m,1H), 3.51 (m.2H), 3.89 (q.lH). 
4.24 <dd.lHK 6.01 (bd,1 H). Mass spectrum: (M + H)" = 517. 

55 

Example 89 
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2(S)-(1 (S)-(N'Pi pendinyicarbonyn-2-phenytethoxy)propionic acid Amide of 2(S)-Amino- 1 -cyclohexyl-3( R).4(S)- 

dihydroxy-6-methyiheptane (39°o yield). 

5 H NMR (CDCb. TMS) 5 0.89 <dd.6H), 1.43 (d,3H), 1.86 (m.lH); 3.0 (m.2H). 3.05 *(m.2H), 3.38 (m,2H), 

3.87 (q.lH). 4.43 (dd.lH), 5.94 (bd,1H). Mass spectrum: (M + H)* = 531, - 

Example 90 , 

2(S)'( 1(S)-{4-(Methoxycarbonyl)piperidinM-yl-carbonyl)-2-phenylethoxy)propionic acid Amide of 2f S)- Amino- 1 - 

' - ^cy( ^exyl-3(R).4<Shdihyd w _ 1 

15 : 

H NMR (CDCb, TMS) 5 0,89Mdd,6H) t 1.42 (d.3H). 2.53 (m,TH). 3.7 <s,3H)r3.86 (q,.1H). 4.42 (m.1H). 
Mass spectrum: (M + H)* = 589 v 

20 " ' ; ' r 

Example 91 



25 2(SH1fS)-(4-Morpholinylcarbonyl)-2-phenylethoxy)propioniaacid Amide of 2(S)-Amino-1 -cyclohexyi-3(S)- 
; : ' ' h ydroxy-5(S)-n-butytcarbamoyl-6-methylheptane. 

The.title compound was prepared using the method of Example 84(method A) but replacing the 0-2- 
30 bromohexanoic acid and amino glycol of Example 41 with the D-2-bromopropionic acid and the appropriate 
amino derivative (Buhlmayer. et ai.. U.S. Patent No. 4.727.060, issued February 23. 1988). 

'H NMR (CDCb. TMS) 5 0.9 (m.9H), 1.43 (d,3H), 0.7-1.9 (several bm.20H), 2.01 (m,l H), 2.9-3.25 
{several m.4H), 3.35 (q.2H), 3,45 <bm,3H); 3.55-3.62 (bm,5H), 3.79 (q.lH). 4.49 <dd.1H). 5.72 (bt.1H), 5.82 
(bd,1H). 7.33 (bm,5H); 

35 ' 3 C NMR. (CDCh, TMS) 13-78. 19.84. 20.13. 21.24. 26.11, 26.43. 30.22. 31-71". 32.21. 33.82. 34.16. 34.34, 
. 37.15. 39.1 1. 39.25. 42.55. 45.79. 51.16. 52.30. 66.55. 66.89. 71.11, 76.09. 76.83, 77.22. 77.88. 127.47. 
128.92.' 129.81. 136.59. 169.36/173.82. 175.36. Analysis Calcd. for C35H57N3O5 *0.5 H 2 0: C, 67.28; H. 9.36; 
N. 6.73. Found C, 67.44; H, 9.28; N. 6.91 . 

jo , . - 

Example 92 



^S)-((Ethoxycarbonyl)methylthio)propionic acid Amide of 2(S)-Amino-l -cyc!ohexyt-3('RV4(S)-dihydroxy-6-methyt- 

peptane. 

The title compound was prepared using ' the method of Example 86/ but replacing the resultant 
so compound of Example 77 with commercially available ethylthioacetate. 

'H NMR (CDCb. TMS) 6 0.9 ■ (dd.6H), 1.28 (t.3H). 1.49 (d.3H). 1.92 (m.lH). 3.35 . <dd.2H). 3.59 <q.1H), 4.2 
(m.2H), 4.34 (m.lH), 6.84 (bd.lH). Mass spectrum: M + H* = 418.' 

55 Example 93 
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j 

2(S)-0 (S )-(4-<Methoxymethoxy)piperidin-l-y)-carbonyl)-2-phenylethoxy) hexanoic acid Amide of 2(S)-Amino- 1 - 
" c yc!ohexyl-3(R). 4(S)-dihydroxy-6-methylheptane (41% yield). 

5 The result compound of Example 83 was coupled to the aminoglycol of Example 41 according to the 

procedure of Example 51 to obtain the desired compound in 41% yield. 

*H NMR (CDCI3. TMS) 5 0.89 <dd.6H), 0.9 (t.3H). 2.98 (m.2H). 3.08 (m.2H). 3.35 (s.3H). 4.44 (m,lH). 
4.66 (s.2H). 5.98 (dd.lH). Mass spectrum: (M + H) r = 633. 
Similarly, the following compound was prepared. 

jo 

Example 94 



?s 

2(S)-( 1 (SH4-(Methoxymethoxy )pipertdiny I- 1 -yl-carbonyl)-2-phenylethoxy)propionic acid Amide of 2(S)-Amino- 1 - 
: cyclohexyl-3(R), 4(S)-dihydroxy-6-methylheptane (16%) yreld). 



20 H NMR (CDCI3. TMS) 5 0.9 (dd.6H). 1.44 (d.3H) f 3.04 (m.4H). 3.37 (s.3H) 3.88 (m.lH); 4.43 (rn.lH), 4.6 

(s.2H). 6.0. (dd.1H). Mass spectrum: (M + H) # = 591. 

Example 95 

25 

2fR)-Methyl-4(RH4-(methoxymethoxy)-piperidin'1-yl-carbonyl)-6-phenylhexanoic acid Amide of 2(S)"Amino- 1 - 

cyclohexyi-3(R).4(S)*dihydroxy-6*rhethylheptane, 

30 

The title compound can be prepared according to the procedure of Scheme VII in which R5 is 4- 
(methoxymethoxy)piperidin-l-yl Rt is benzyl. Rs is methyl, and (VI) is the aminoglycol of Example 41. As 
illustrated in Scheme VII). compound (XXX) (J. Med. Chem. 1983, 26. 1277) is coupled to the aminoglycol 
35 of Example 41 according to the procedure of Example 51 to afford the amide (XXXI) which is hyarolyzed to 
the acid (XXXII) with LiOKH 2 0/'dioxane. The resulting acid is then coupled to 4 : <methyoxymethoxy)- 
pipendine (HOBT. EDAC) to obtain the desired compound (XXXIII). 



-0 , Examole 96 



2f S)-f 1 (S)-(4-(Methoxymethoxy )piperidin- 1 -y l-carbony l)-2-phenylethoxy )hexanoic acid Amide of 2(S)-Amino- 1 - 
^5 cyclonexyt-3(S)-hydroxy-5(S)-n-butylcarbamoyl-6-methylheptane. . 

Using the procedure of Example 93. but replacing the resultant glycol of Example 41 with 2(S)-amino-i- 
cyclohexyl-3(S)-hydroxy-5(S)-n-butylcarbamoyl-6-methylheptane (see Example 93) gave the desired prod- 
so uct. 

'H NMR (CDCI3. TMS) 5 2.04 (m.1H), 2.97 <m,1H) t 3.17(m.2H). 3.38 (S.3H). 3.4 (m.4H), 3.84 (m.4H). 
4.47 (mjH), 4.68 (s,1H), 5.7 (bm.lH), 5.8 (bd. 1H). Mass spectrum: (M + H)* = 716. 



55 Example 97 
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2rR)-Methyl-3(R)-hydroxy-4(R)-(4>(methoxymethoxy)piperidin-l-y<-carbonyi)pentanoic acid Amide of 2(S)-Ammo- 
- — i -cyclohexyt-3(R),4(S)-dihydroxy-6-methylheptan~ ' " 

5 The title compound can be prepared according to the process of Scheme. VIII in which R 5 is 4- 

(methoxymethoxy)-piperidin-l-yl, Ri and R 3 are methyl and (VI) is the aminogiycoi of Example 41. The 
dibutylboryi enolate (XXXV) (Evans, D.A.. Bartroli. J.. Shih. T.. J. Am. Chem. Soc. 1981, 103. 2127-2129) 
undergoes condensation with the aldehyde (XXXIV) (Evans D:A., McGee. L.R., J. Am. Chem. Soc. 1981. 
103. 2876. Also Tetrahedron Lett. 1980. 21, 3975) under standard conditions (see references above) to 

to provide a disastereomenc adduct. The secondary alcohol is converted to the silyl ether (Me3SiNEt 2 , DMAP, 
CH 2 CI 2 ) followed by debenzyiation with palladium/carbon in an nitrogen atmosphere and Jones' oxidation to 
"provide an" acid (XXXVII)'." The resulting acid is then coupled to 4-(methoxymethoxy)ptperidine and thechiral 
auxiliary is removed by hydrolysis (UOH/H 2 0). The resulting acid is then coupled to.Jhe aminogiycoi (VI) of 

- --Example-4-l- according_to-the-proGedure-of-Example- 51-to-provide-a-product-which-is-deprotected-(oxalic 

;s acid, NaOH, r.t.) to afford the desired compound. ... 



Example 98 

20 

" - '3-(t-Butylbxycarbon7t)"-4-Ycyclohexylmeth^ 

25 The procedure of S. Thaisrivong (J. Med. Chem. 1987, 30. 976) was employed. A solution of 40 g of the 

■ resultant compound of Example .17 and 102 g of 2-methoxy propene in 250 ml of dichloromethane was 
stirred at room temperature. Solid pyridinium p-toluenesulfonate (PPTS) (177 g) was added slowly to the 
reaction mixture. After addition was complete, the reaction was stirred for 1 h and neutralized by addition of 
soiid sodium bicarbonate. The solids were filtered and the filtrate was concentrated. Flash chromatography 

30 on silica gel gave 57 g.of the desired compound. IR (CDCh) 1690 (C=0 carbamate) cm-'; 'H NMR 
(CDCI3) 5 5.95 (m.1 H), 5.32 (m.1 H), 5.20 (dt, 1 H). 4.27 (dd,1 H) t 1 .47 (s.9H). 



35 



Anal. Calcd. for Ct.oHooNOi: 


C, 70.55; 


H, 10.28; 


N, 4.33. 


Found: 


C, 70.47; 


H, 10.27: 


N. 4.09. 



so 



45 



50 



55 



Example 99' • 



3-(t-Butyloxycaroonyi)-4-(cyclohexylmethyl)-2.2-dimethyloxazotidine»5-carboxatdehyde. 

A solution of 10 g of the resultant compound of Example 98 in 150 ml of 2;1 dichloromethane: methanol 
was cooled in. an dry-ice acetone bath. Ozone-was bubbled through the solution until a blue color persisted 
(1 h). Dry nitrogen was then bubbled through .the reaction mixture to remove excess dissolved ozone. The 
reaction mixture was canhuiated into a suspension of. 8 g zinc dust. 8 ml giacial acetic acid. 200 ml water, 
and 200 ml of methanol cooled to -45' C. After 5 min the bath was removed and the mixture allowed to 
warm to room temperature overnight. 100 ml of saturated sodium chloride was added and the entire 
reaction mixture extracted with two 300 ml portions of dichloromethane. The combined dichloromethane 
extracts were decanted, dried (MgSOO. filtered, and evaporated. The crude* aldehyde was purified by flash 
chromatography (1:4) ethyl acetate:hexane ,to give 9.7 -g of the. desired compound as a mixture of.' 
dtastereomers (3:1 transxis) as judged by the integrated resonances of the two aldehyde protons! IR 
(CDCh) 1735 (C = 0 aldehyde), 1690 (C-0 carbamate) cm-'; 'H NMR.fCQCh) 5.9.83* (s.tH.CHO). 9.73 
(d.lH.CHO cis diastereomer), 4.14 (m.iH), 1.46 (s.9H). 
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Anal. Calcd. for C13H3.NCU: 


C. 66.43: 


H. 9.60; 


N, 4.30. 


Found: 


C. 65.27; 


H. 9.79: 


N. 4.20. 



Equilibration of Aldehyde Isomers 



to 



15 



A suspension of 25 g of the above aldehyde in 300 ml of methanol and powdered potassium carbonate 
(10.7 g) was stirred at room temperature for 6 h. The reaction mixture was cooled in an ice-water bath and 
treated with 9.3 g of glacial acetic acid for 5 min. A solution of 0.5 M sodium dihydrogen phosphate (300 
ml) was added to the mixture. After 30 min, the solution was concentrated to one-half the volume unaer 
reduced pressure and extracted with ether (600 ml). The combined ether extracts were dried (MgSO*). 
filtered, and concentrated. The aldehyde -was. purified by flash chromatography using (1:4) ethyl ace- 
tate:hexane to give 1 9.5 g of the desired compound as an 8:1 mixture of/transrcis diastereomers. 



20 



Example 100 



25 



(5S.4'S.5 R)-5-(3-(t-ButyloxycarbohyO-4-(cyclohexylmethyl)-2.2-dimethyloxa20lidin-5-yO-3' 

methyienedihydrofuran-2(4H)-one. 



A solution of 16.52 g (51 mmol) of the resultant compound of Example 99 in 15 ml of anhydrous, 
tetrahydrofuran was treated with 3.98 g (61 mmoi) of freshly activated zinc dust. With vigorous stirring, the 

30 mixture was treated with 10 g (56 mmol) of methyl 2-(bromomethyi)acryiate at a rate which maintained the 
temperature at 50-60* C. Upon completion of the addition, the mixture was stirred at 50 C for 1 he After 
being allowed to cool, the mixture was poured into 100 ml of cold 1 M HCI and extracted with 
dichloromethane (3 X 100 ml). The combined organic layers were washed successively with saturated 
aaueous NaHCCh and H 2 0. dried over Na 2 SCV and concentrated. Silica gel chromatography using 9:1 

^5 hexane:ethyl acetate provided 10.83 g (61%) of the desired compound. - 

'H NMR (CDCh) 5 0.8-2.0 (br envelope). 1.49 (s.9H). 1.54 <s.3H), 1.57 (s.3H). 2.93 (ddt.J = 18,6.3Hz. 1 H). 
3.05 (m.lH). 3.70 (m.iH). 4.07 (m.lH). 4.47 (ddd.J= 1 3.9.6Hz. 1 H), 5.70 (br t.J = 3Hz.1H). 6.28 (t.J = 3Hz,1 H). 
Mass spectrum: (M + H) = 394. 



-0 



Anal. Caicd. for C22H35NO5: 


C. 


67.15: 


H. 


8.96: 


N, 3.56. 


Found: 


C. 


67.66: 


H. 


9.1 1: 


N, 3.60. 



45 

Example 101 

50 

(3S.5S.4 S.5 R>*5-(3-(t-Butytoxycarbonyl)-4-(cyclohexylmethyl)-2.2-dimethyloxazolidin-5-yl)-3-methyldihydrofuran- 

2(3H)-one. 

55 A mixture of 8.03 g (20 mmol) of the resultant compound of Example 100 and 0.81 g of 10% palladium 
on carbon in 200 ml of ethyl acetate was shaken under 4 atmospheres of H 2 . After filtration, concentration 
of the filtrate gave 7.58 g (94%) of the desired compound. 

'H NMR (CDCI3) 6 0.8-2.0 (br envelope), 1.31 (S.3H), 1.48 (s.9H), 1.54 (s.3H). 1.58 (s.3H). 2.57 (m.lH). 
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2.68 (m,1H), 3.74 (m,1H), '4.04 (m,1H), 4.31 (ddd. J = 1 3,9,6Hz,1 H). Mass spectrum: (M + H)* = 396. 



• - Example 102 

■ ' ■' . ■ . ' . " S ' ■ 

3-(t-Butyloxycarbonyl)-4-(cyd^ 

A mixture of 0.50 g (1.26 mmol) of the resultant compound of Example 1 01. and 0.15 g (4 mmol) of 
sodium borohydnde" in 50 ml of tetrahydrofuran was heated at reflux under N 2 atmosphere for 48 h. After 
being allowed to cool, the mixture was treated cautiously with aqueous NH* CI, extracted with ether, washed 
-with-saturated-briner dned-over-MgSQ*— and- concentrated-in- vacuo ~Silica~gel ~ chromatography~~using~2:r 
;s, chloroform/ethyl acetate gave 0.37 g (73%) of the desired- compound. 

T H NMR (CDCh) 5 0.7-2.0 (br envelope). 0.94 (d.J =7Hz.3H). 1.49 <s,9H). ( 1.52 <s.3H), 1.55 (s.3H); 3.43 
(dd. J = 1 1 .8H2. 1 H) t 3.55-3.7 (m.3H) t 4.09 (br d, 1 H). Mass spectrum: (M + H) * = 400. 

20 Example 103 



3-(t-Butyloxycarbonyl)-4-(cyclohexylmethy^ 

A solution of 51 mg (0.13 mmol) of the resultant compound of Example 102 and 0.037 ml (0.27 mmol) 
of tnethylamine in 2 ml of dichtoromethane was. cooled to 0.* C under N 2 atmosphere and treated with 0.012 
mol (0.15 mmol) of methanesuifonyl chloride. After 1 h, the solution was diluted with dichtoromethane, 
30. washed successively with 10% citric acid, water and saturated aqueous NaHCCh. dried over Na?SCu, and 
.concentrated m vacuo . The crude mesylate thus produced (59 mg). was taken* up \n 8 ml of dry 
detrahydrofuran. treated with 20 mg (0.50 mmol) of sodium hydride (60% dispersion in oil), and heated at 
reflux for 2 h. After being allowed to cool, the solution was treated cautiously with saturated aqueous NHUCI. 
extracted with ether, dried over MgS0 4 and concentrated. Silica gel chromatography using 9:1 hexane,ethyl 
35 acetate gave 30 mg (75%) of the desired compound. 

■H NMR (CDCh) 5 0.7-2.4 (br envelope). 1.06 (d.J = 7Hz.3H),1 '.48.(s;9H).1 .52 (s,3H). 1.56 (s.3H),3.30. 
(tJ = 9Hz;iH), 3.66. (m,1H). 3.9-4:0 (m.3H). Mass spectrum: (M + H)" = 382. 

u ° • " ." Example 104 



2fS)-(US)-(4-(Methoxymethoxy)piperidin-i-yl-carbonyl)-2-ohenylethoxy)hexanoic acid Amide of 2(S)-(2(S)-Ammo- 
45 3-cyclohexyl-1 fR)-hydroxy)propyl»4(S)-methyltetrahydrofuran~ " ~~ 

Using the procedure of Example 93. but replacing the resultant glycol of Example 41 with 2fS)-(2(S)- 
amino-3-cyciohexyl-1(R)-hydroxy)propyi-4(S)-methyltetrahydrofuran (obtained from deprotection' of the re- 
50 sultant compound of Example 103 according to the procedure of Example 41) gave the desired compound 
in 30% yield. 

'H NMR (CDCb, TMS) <5 0.9 (t.3H), 1.02 (d.3HV, 1.99 (m.1H). 2.3 (m,1H), 3.31 (t.1H), 3.37 (s.3H), 3.9 
(t.2H), 4.5 (m.lH), 4.67 (S.2H). Mass spectrum: (M + H)* = 631. 

55 * 

Example 105 



/ 
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N-(1 ( S)-f4-(Methoxyrnethoxy)piperidin-l -yl-carbonyl)-2-phenylenhyl-L-nofleucyt Amide of 2( S)-Amino- 1 - 
' — " C yci ohexyl-3(R).4(SHjihydroxy-6-methylheptane. 

5 Using the procedure of Example 64. but replacing the morphotine with 4-{methoxymethoxy) piperidine 

gave the desired intermediate. The resultant benzyl ester was hydrogenated using the procedure of 
Example 16 and followed by coupling to the resultant product of Example 41 according to the procedure of 
Example 51 to give the desired compound in 69% yield. 

•H NMR (CDCl 3 . TMS) 5 0.9 (dd.6H). 0.9. (t.3H). 2.81 (m.2H). 3.1(m.2H), 3.35 (S.3H). 3.67 (b.lH). 4.63 

to (s.2H). (M + H)" = 632. ^ 

Example 106 



N-< 1 (S)-4-(Methoxymethoxy )piperidin- 1 ■yl-carbonyl)-2-phenylethyl)-L-norleucyrAmide of 2(S)-amino- 1 - 
cycl ohexyt-3fS)'hydroxy-5fS)-n-butylcarbamoyl-6-methylheptane. 

20 . 

The title compound can be obtained according to the procedure of Example 105. but replacing the 
resultant product of Example 41 with 2{S)-amino-l -cyclohexyl-3(S)-hydroxy-5(S)-n-butylcarbamoyl-6-methyi- 

heptane. 

25 

Example 107 



jo N-(V(SH4MMethoxymethoxy)pipe^ Amide 2L 2<SH2(S-)-Amino-3- 

: cyciohexy I- 1 (R)-hydroxy )propyl-4(S)"methyltetrahydrofuran. 

The title compound can be obtained according to the procedure of Example 105. but replacing the 
js resultant product of Example 41 with 2<SH2(S)-amino-3-cyclohexyl-l (R)-hydroxy)propyl-4(S)-methyl- 
tetrahydrofuran (see Example 104). 

Example 108 

-0 ' ' ' 

2(S )-(1(S)-(4-(Methoxymethoxy)piperidin-l-yl-carbonyl)-2-phenylethoxy)hexanoic acid Amide of (2 s.l R.5S)-3- 
Ethyl -5-f1 -hyqroxy-2 -amino-3 -cyciohexyipropyt)oxazohdin-2-one. 

-5 

Using the procedure of Example 93. but replacing the resultant glycol of Example 41 with the resultant 
compound of Example 50 gave the desired product. 

'H NMR (CDCI3. TMS) 5 0.9 (t.3H) 1.18 (t.3H). 1.3-1.7 <m,22H). 3.4 (s.3H). 4.7 (s.3H). 7.4 (m.5H). Mass 
so spectrum: (M + H) = 660. 

• - ■- ■ - Example 109 ■ - - 



3-(3(RH3-(tert-Butyloxycafbonyl)-2.2-dimeth^^ 

1-oxoorooyi)-4(R)-methyl-5(S)-phenyt-2-oxazoiidinone. 
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to 



The title compound was prepared in analogy to the' procedure of S. Thaisrivongs, D. T. Pals, L. T. Kroli. 
S. R. Turner- and F. S. Han, J. Med. Chem. 1987; 30. 976-82.- from the resultant compound of Example 99, 
in 63% y»eld. M. p. 97 °C. *H NMR '(CD C.I 3) 6 0.91 <d. 3H); 1.06 (d. 3H), 1,1 (d. 3H), 1 .48 (s. 9H), 0.9-1.9 
(several bm.' 12 H total). 2.12 <bd. _1H), 2.3 (m. 1H), 3.81 (dd, 1H), 3.94 (td, 1 H), 4.04 (bm, 1H), 4.22 (dd. 
1H). 4.84 (dq, 1H), 5.61 (d. IH), 7.31-7.45 (m, 5H). High resolution mass spectrum. Calcd/for (M + H)" of 
C 3 3H 5 -N 2 07: 587.3698. Found: 587.3696. 

Analysis. Calcd. For C33H5CN2O7: C. 67.55; H, 8.59: N. 4.77. Found: C. 67.41 : H, 8.61 ; N, 4.77, 

: ----- - . " " • Example 110 " 7 " '• •' ~ " ' .'. " " ~. 



?5 - 



3-f3m)-(3-(tert-Butyloxycarbonyl)-2.2-dimethyi-4(S)-cyclohexylmethyl-5(R)-oxazolidinyl)-3-((1-i 

' . : thionyioxy)-2(R)-isopropyl-1-oxopropyl)-4(R)-methyl-5(S)-phenyl-2-oxazolidinone. ~~~ 

20 . The resultant -compound from Example 109 (1.840 g. 3.136 mmol) and 1 . 1 I '-thiocarbonyldiimidazolide 
(1.128 g. 6.330 mmol) were refluxed in 8 mL dry 1 ,2-dichloroethane under a nitrogen atmosphere for 24 h. 

• • The mixture was concentrated and the residue purified by flash chromatography (2.5% MeOH-CH 2 Cl2) to 
afford 1.896 g (87%) of the title compound: : H NMR (CDCI3) 5 0.93 (d. 3H), 1.04 (d. 3H), 1.08 (d. 3H), 1 .5 
(bs. 9H), 0.9-1.9 (severalbm, 13H total), 2.05 (m, 1 H), 4.13 (bm. 1H), 4.23 (dd, 1 H). 4:81 (dd. IH). 4.94 (dq, 

25 IH), 5.70 (d. 1H), 6.33 (dd, IH), 7.06 (bs. IH), 7.3-7.5 (m. 5H). 7.61 (bs. IH). 8.40 (bs, 1 H). High resolution 
mass spectrum. -Calcd. for (M + H)* of Cs/H^N^OtS: 697.3635. Found: 697.3629. 

Analysis. Calcd. for C 37 H52N 4 07S: C, 63.77; H. 7.52; N, 8.04. Found: C 63.58; H, 7.44; N. 7.94. 

30 '■ . Example 111 

3-(3-(3-(tert-Butyloxycarbonyl)-2,2-dimethyM^ 

35 . 4(R)-methyl-5(S)-phenyl-2-oxazoHdinone. 

A solution of the resultant product from . Example 110 (6.50 g, 9.33 mmol) in 275 ml of dry toluene was 
degassed with argon for 30 min. then warmea to. reflux (under argon). A solution of tri-n-butyitih hydride 

~o (5.43 g, 18.6 mmol) in 75 ml of dry, degassed toluene was added dropwise over 15 min. After an additional 
2 h of reflux, the reaction was cpoleo. concentrated and purified by flash chromatography (5% EtOAc-. 
hexanes) to afford 4.82. g (90%) of the title compound as .white foam. ' H NMR (CDCI3) 5 0.90 (d.' 3H), 0.92 
{d, 3H), 0.9-1.1 (bm. 3H), 1 .06 (d, 3H). .1.15-1.35 (bm, 3H), 1.51 (s, 9H>. 1 .57-2.14 (several bm. 16H total). 
3.84 <m, IH). 3.97 (m, 1H), 4.85 (dq, 1H), 5.68 (d. 1 H). 7.3-7.46 (m. 5H). Mass spectrum: (M + H) r = 571. 

^5 Analysis. Calcd. for CiaHscN^Os: C. 69.44: H. 8.83; N, 4.91. Found: C. 69.31; H. 8.82; N, 4.89. 

Example 112 



50 



2(SH(3-{tert-8utyloxycarbony)-2.2-dim^ 

. , acid. 

•55 _ 

Using the procedure of D. A. Evans. T. C. Brittbn and J. A. Ellman Tetrahedron Lett 1987, 20(49). 
6141-44. the resultant product from Example 111 (6.10 g, 10.7 -mmol) was hydrolyzea with aq. LiOH ana 
hydrogen peroxide in THF. The, crude material was purified .by flash chromatography (15% EtOAc-0.5% 
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HOAc-hexanes) to provide 3.53 g (90%) of the title compound as a viscous colorless oil. : H NMR (CDCh) 3 
0.96 fd. 3H), 1.00 (d. 3H), 1.1-1.3 (bm. 5H). 1.48 (s. 9H). 1.5-1.9 (several bm. 15H total). 2.0 (m. 1H). 2.6o 
(m 1H) 3.7 (bm. 1H). 3.90 (m, 1H). Mass spectrum: (M + H) * = 41 2. 

' Analysis. Calcd. for C 23 H 4 -.N05 '0.25 H 2 0: C. 66.39; H, 10.05: N. 3.37. Found: C. 66.46: H. 9.84: N. 

3.36. 



Examoie 1 13 



15 



20 



25 



3-n-lmidazoiyl)propyl 2(SH(3-(te^butyloxycarbonyt)-2.2-dim^ 

~~ " m ethyl)-3-methylbutanamide. 

The procedure of P. Buhlmayer, et. al.. J. Med. Chem. 1988, 3/(9). 1839-46 is adapted. The resultant 
compound from Example 112 (75 mg. 0.182 mmol). HOBt (42.0 mg. 0.274 mmol) and N-methylmorphoiine 
(55 mg 0.55 mmol) were dissolved in 1.0 ml dry DMF, and the solution was cooled to -20 °C (unaer 
nitrogen) EDAC (53 mg, 0.28 mmol) was added as a solid, and the resulting mixture was stirred at -20 to 0 
°C for 1 h The mixture was sealed, and allowed to react at 0 °C (in refrigerator) for 48 h. To the resulting 
solution was added 1 -(3-aminopropyl) imidazole (28 mg. 0.23 mmol). The resulting solution was stirrea at 0 
°C for 4 h. and for a further 20 h, allowing it to warm slowly to room temperature. The voiatiles were 
removed by high vacuum distillation, and the residue was partitioned between CH 2 Cl 2 and aq. NaHCO,. 
The aqueous phase was extracted 3X with CH2CI2. and the combined organic phases were washed with 
brine dried (Na 2 SOO and concentrated to a viscous oil. Purification by flash chromatography (4% MeOH- 
CH a C1 2 ) provided 90.2 mg (95%) of a colorless glass. "H NMR (CDCb) 5 0.93 <d. 3H>. 0.95 (d. 3H). 1.48 (s. 
9H) 1.58 (s. 6H). 0.8-1.9 (several bm, 16H total). 2.05 (m. 2H), 3.28 (ddd. 2H). 3.64 (bm, 1H). 3.72 (m. 1 H). 
4.01 (t. 1H). 5.70 (bt. 1H). 6.96 (t. 1H), 7.08 (s. 1H), 7.58 (s. 1H). High resolution mass spectrum. Calcd. for 
(M + H)* of C29H5.N4O4: 519.3910. Found: 519.3915, * 



30 



Example 1 1 4 



3 5 3-Dimethylam.no)propyl 2(S)-((3-(tert-butyloxycarbonyl)-2.2-dimethyl-4(S)-cyciohex y lm ethyl-5fS)-oxazolidinyl)- 
~ " meihyl-3-methylbutanamide. 



-0 



The procedure of Example 1 13 is followed, substituting 3-dimethylaminopropyl amine for 1 -<3- 
aminopropyDimidazole. which provided the title compound in 97% yield. H NMR (CDCh) 5 0.93 (d. 3HK 
0 935 (d. 3H). 1.48 (s. 12H). 1.58 (bs. 3H), 0.8-1.8 (several bm. 18H total). 2.05 (m. 1H). 2.37 <bs ; 6H). 2.53 
(bm 2H) 3 37 (2 x dd. 2H), 3.63 (bm. 1 H), 3.75 (m. 1 H). 6.60 (bm, 1 H). Mass spectrum: (M + H) - 496. 

Analysis. Calcd. for C 23 H 5 3 N 3 0* ' H 2 0: C. 65.46: H, 10.79; N. 8.18. Founo: C. 65.6: H. 10.18: N. 8.23. 



-5 



55 



Example 1 1 5 



3-<4-MorpholinyQpropyl 2(S)-((3-(tert-butyloxycarbonyl)-2.2-dimethyl-4(S)-cyciohexylme thyl-5($)-oxazolidinyl)- 

meth yl)-3-methylbutanamide. 

Using ihe procedure of Example 11 3. substituting 4-(3-aminopropyl)morpholine for 1 -(3-aminopropyl)- 
.m.dazole. the title compound was obtained in 96% yield. 'H NMR (CDCb) 5 0.92 (d. 3H). 0.95 (d. 3H). 1.46 
(s) and 1.48 (s. 12H total). 1.57 (bs. 3H). 0.8-1.8 (several bm. 18H total), 2.01 (m. iH). 2.46 (bm. 6H), 3.37 
(m. 2H). 3.64 (bm. IH), 3.75 (bm. 5H). 6.80 (bt. 1H). High resolution mass spectrum. Calcd. for (M + H) of 
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C3CH35N3O5: 538.4220. Found: 538.4220: 



Example 1 16 



2fSH1(SH4-(Methbxymemoxy)pipen^ acid amide of 3-(1 -imidazolyl)- 

propyt 5fS)-amino-6-cyclohexyt-4(S)-hydroxy2fS)-tsopropylhexanam(de. ~ '. 



w 



The .resultant compound from Example 113 (83.5 mg7o.16l mmol) was deprotected by Dissolving inYo' 
ml dry CH 2 Cl 2 .- cooling the solution to -10 °C (under nitrogen), and treating w.th 1.0 ml of trifluoroacetic 
.acid.-The resulting solution-was stirred^at -10-to 0 °e for 4-hr The solvents were largely removed with" a 
stream of nitrogen, and the residue (as a concentrated solution in trifluoroacetic acid) was dissolved in 1 .0 
ml THF and 0.3 ml water at 0 °C. The solution was allowed to warm slowly to .ambient temperature over 18 
h. The crude ammoalcohol was isolated by basifying the reaction with an excess of 1.0 M aq. NasCOi, 
saturating the solution w.th NaCI. and extracting w,th 5 x 10 ml of 5% EtOH-CHC! 3 . The combined organic 
phases were washed with, brine, dried (Na 2 SO*), concentrated, and the residue placed under high vacuum 
20 overnight to yield 66.2 mg (> 100%) of yellow viscous oil. 

Coupling was achetved by combining the resultant compound from Example 83 (72 mg, 0,177 mmol) 
the above ammoalcohol "(63.8 mg. 0.168 mmol), HOBt (34 mg, 0.22 mmol) and N-methylmorpholine (25 mg! 
0.25 mmol) in 1.0 ml dry DMF. The resulting solution was cooled to -20 °C (under argon), and EDAC (45 
mg, 0.23 mmol) was added. The reaction was allowed to slowly warm to room temperature as the ice bath 
melted, for/ a total of 24 h. The solvent- was removed, by high vacuum distillation, and the residue was 
partitioned between 15 ml CH 2 CI 2 , 9 ml sat. aq. NaHCCh and 1 ml H 2 0. The aqueous phase was further 
extracted (3 X 10 ml CH 2 Cl 2 ). and the combined organic phases were washed with 10 ml brine, dried 
(Na 2 SOO and concentrated. Purification by flash chromatography (6% MeOH-0.5% cone. aq. NH* OH- 
CH 2 CI 2 ) yielded 92.3 mg (72%) of the title- compound as a hygroscopic glassy solid, m.p. 49-56 °C. *H 
NMR (CDCi 3 ) 6 0.9 (m, 9H), 1.97 (m, 3H), 0.65-1.9 (several bm. approx. 26H total). 2.88-3.07*(m, 2H), 3 13 
.(bm. 1H), 3.25 (m. 2H), 3.37 (s,3H). 3.2-3.5 (bm. 3H), 3.6-3.9 (bm, 4H), 4.0 (bm, 3H). 4.50 (m, 1H), 4.68 (s. 
2H). 5.70 (m. 1 H). 5.78 (d) and 5.85 (d, l.H total),'6.96 (s, 1H). 7.08 (s. 1H), 7.3 (m. 5H), 7.58 (m, 1 H) Mass 
spectrum: (M + H) - 768. , • 

Analysis. Calcd. for Ci 3 H 53 N5O7 ' 1 .25 H 2 0: C, 65.33; H, 8.86: N. 8.86. Found: C, 65.28: H. 8.78; N. 



25 



* 35 8.91 . 



40 



45 



50 



Example 1 1 7 



2(S)-(1 (S)-(4-(Methoxymethoxy )piperidin- 1 -y I) carbonyl-2-phenyl)ethoxyhexanoic acid amide, of 3- 
(dimethylamino)propyl 5(S)-amino-6-cyclohexyi-4(S)-hydroxy-2(S)-<sopropylhexanamiae 

• The proceaure of Example 1 16 was used, with the substitution of the resultant compound from Example 
1.14 for the resultant compound from Example 113. to provide the title compound in 77% yield as a white 
foamy solid, m. p. 49-54 °C. 'H NMR (CDCI3) 5 0.90 (m), 0.92 (d) and 0.94 (d. 9K total). 0.65-1 .95 (several 
bm, approx. 28H total), 2.02 (m, iH), 2.26 (bs, 6H), 2.42 (m, 2H), 2.96 (m. 1H). 3.05 (dd. 1H), 3.1-3.48 
(several bm) and 3.36 (s. 8H total). 3.54 (bm. 1 H), 3.60-4.0 (several bm. 5H total). 4.52 (dd. 1H), 4.67 (s. 2H) 
5.83 (d) and 5.90 (d. 1H total),. 6.93 (bm, 1H), 7.30 (bm, 5H). High resolution mass spectrum. Calcd. for 
C4 2 H 7 3N 4 07: 745.5479. Found: 745.5471. fc 

55 Example 1 18 
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2(SH1(S)-(4-(Methoxymethoxy)piperi rt^ acid amide of 3-(4-morpholinyn- 

propyl 5(S)-amino-6-cyclohexyl-4{S)-hyqroxy-2(S)-isopropyihexanamide. 



5 The procedure of Example 116 was used, substituting the resultant product from Example 115 for the 

resultant compound from Example 113. to provide the title compound in 68% yield as a hygroscopic glassy 
solid, m.p. 49-51 °C. 5 H NMR (CDCb) <5 0.90 (m). 0.91 (d) and 0.92 <d. 9H total). 0.65-1.90 (several bm. 
approx. 28H total), 2.02 (m. 1H). 2.45 (bm. 6H>, 2.95 (m, 1H). 3.05 (dd. 1HV 3.20 (bm. 2H), 3.36 (s. 3H). 3.45 
(m. 2H). 3.6-4.0 (several bm) and 3.71 (m. 10H total). 4.48 (dd. 1H), 4.68 (s. 2H). 5.80 ■ fd). and 5.88 (d. 1H 

10 total). 6.87 (bt. 1H), 7.3 (bm. 5H). Mass spectrum (M + H)* = 787. 



Example 1 1 9 

N-( l(S)-(4-(Methoxymethoxy)piperidin-1-yl)carbonyl-2'phenyl)ethyl-L-norleucyl amide of 3-( 1 -imidazolyOpropyl 5- 
" (S)-amino-6-cyctohexyl-4(S)-hyaroxy-2(SHsopropylhexanamide. 

20 

The procedure of Example 116 was followed, with the substitution of the intermediate amino acid from 
Example 105 for the resultant compound from Example 83. providing the title compound in 89% yield as a 
hygroscopic foamy solid, m.p.. 66-71 °C. *H NMR (CDCb) 5 0.90 (d) and 0.91 (d) and 0.93 (d. 9H total). 
0.65-1.90 (several bm, approx. 26H total). 2.0 (bm. 3H). 2.22 (m. 1H), 2.29 (bm. 2H), 2.35 (bm. 1H), 3.25 (m, 
25 2H). 3.36 (s. 3H), 2.9-3.5 (several bm. 4H total). 3.5-4.0 (several bm. 6H total), 4.0 (m. 2H). 4.66 (2 s. 2H), 
5.70 (m. 1H), 6.96 (m. 1 H). 7.07 (s, 1H). 7.2-7.35 (bm, 5H), 7.57 (d. 1H). Mass spectrum: (M + H) = 767. 

Analysis. Caicd. for C43H 73 N e O s " H 2 0: C, 65.79; H. 9.24: N. 10.70. Found: C. 65.46: H, 8.95; N. 10.54. 



30 Example 120 



N-(1(S)- (4-(Methoxymethoxy)piperidin-1-yt)carbonyl-2-phenyQethyl-L-norleucyl amide of 3-(4-morpholinyi)propyl 
35 5(S)-amino-6-cyciohexyi-4(S)-hydroxy-2(SHsopropyihexanamide. 

The procedure of Example 118 was used, with the substitution of the intermediate amino acid from 
Example 105 for the resultant compound from Example 83. providing the title compound in 81% yiela as a 
hygroscopic foamy solid, m.p. 60-65 °C. *H NMR (CDCb) 5 0.89 (t). 0.93 (d. 9H total). 0.65-1.94 (several 
bm. approx. 28H total). 2.06 (m, 1H). 2.33 (bm, 1H). 2.46 (bm. 6H). 2.67-2.85 (m. 3H), 3.0 (bm, 1H). 3.25 (m. 
3H), 3.35 (s. 3H). 3.35-3.60 (bm. 3H). 3.71 (bm. 4H). 3.6-3.9 (several bm. 5H total), 4.65 (2 s, 2H). 6.75 (m. 
* 1H), 6.80 (d) and 6.87 (d. 1H total). 7.2-7.4 (bm. 5H). Mass spectrum: (M + H* = 786. 

45 

Example 121 



so (2S.3S)-3-((tert-Butyloxycarbonyl)amino)-4-cyclohexyl-2-hydroxy-1-(methyl(methylsulfamoyl)amino)butane. 



-A .solution. -of (1 R.S)-(1 'S-<(tert-Butyioxycarbony!)-aminoH -cyclohexylmethyDoxirane (1.29 g. 4.79 mmol. 
prepared according to J. R. Uuly. J. F. Oellaria. J. J. Plattner, J. L. Soderquist and N. Yi. J. Org. Chem. 
55 1987, 52. 1487) in 20 ml methanol was treated with 40% aq. methylamine (4.1 ml. 1.48 g; 47.6 mmol). After 
24 h at ambient temperature, the solvent was removed; in vacuo to provide 1.53 g (100%) of (2S.3S)-3-((tert- 
butyloxycarbonyl)- amino)-4-cyclohexyl-2-hydroxy-l-(methylamino)butane as a viscous oil. "H NMR (CDC!?) 
5 0.75-1.57 (several bm) and 1.45 (s. approx. 17H total). 1.66 (bm, 5H); 1.86 (bd. 1H). 1.9-2.5 (vbm. 2H). 
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JO 



2:42 (s. 3H). 2.5-2.68 (m, 2H). 3.6 (bm. 2H),. 4,70 ,<bd. 1H). Mass spectrum: (M + H)*. = 301. 

A sample of the crude N-methylamine above (896 mg, 2.98 mmol) was dissolved in 13 ml CH 2 CI 2 'and 
treated sequentially with triethylam.ne (602 mg. 5.93 mmol) and methylsulfamoyl chloride (450 mg 3 46 
mmol) at -35 °C. The resulting solution was stirred at -35 °C for 3 h. at which time tic (15% MeOH-CHjClj) 
indicated complete consumption of starting amine. The reaction was quenched with 20 ml of sat aq 
NaHCOj and extracted with 3 x 30 ml CH 2 CI 2 . The combined organic extracts wer combined washed with 
brine, dried (Na 2 SO<) and concentrated in vacuo. The crude was purified by column chromatography 
(EtOAc-hexane-toluene 4:4:1) to provide 534 mg (49%) of the title compound as glassy solid" 'H NMR 
(CDCb) « 0.75-1.90 (several bm) and 1.45 (s. 22H total). 2.74 (d. 3H). 2.86 (m. 1 H), 2.93 (s 3H) 3 14 (dd 
1H). 3.38 (dd. 1H). 3.64 <m. 1H). 3.79 (m, 1H), 4.33 (m. 1H). 4.69 (m. 1H). Mass spectrum- (M + H)" = 394- 
(M + NHa.) =411. ' 



'S 



-Example-122- 



25 



30 



35 



2(S)-( 1 (S)-(4-( Methoxymethoxy )piperidin- 1 -yQcarbony l-2-phenyl)ethoxyhexanoic acid amide of (2S.3S)-3-amin o-4- 
cyclohexyl-2-hydroxy- 1 -(methyl(m ethylsulfamovi)amino)buta*""e"~~ — ~~ 

20 : '■ ' : ' ' ; 

■ A sample- of the resultant compound from Example 121 _ (501 mg. i .27 mmol) was dissolved in 3 ml 
CH 2 CI 2 . cooled to 0 oC under a dry nitrogen atmosphere, and treated with 3 ml trifluoroacetic acid The 
solut.on was stirred for 5.5 h. then the solvents were removed under reduced pressure, and the residue was 
basified with 1.0 M aq. Na 2 C0 3 . The product was extracted with 4 x 20 ml CH 2 CI 2 . The combined extracts 
were washed with bnne. dried (Na2S04) and concentrated under reduced pressure to yield 332 mg (89%) 
of (2S.3S)-3-amino-4-cyclohexyl-2-hydroxy-1 -(methyl <methylsulfamoyl)amino)butane as a white powder "H 
NMR (CDCh) 6 0.8-1.45 (several bm. 8H). 1.6-1.8 (bm. 5H). 1.9 (vbm. 3H), 2.75 (s, 3H) 2 85 (m 1H) 2 94 
(s. 3H). 3.21 (dd. 1H). 3.30 (dd. 1H), 3.48 (m, 1H). Mass spectrum: (M + H) * - 294. 

The above crude ammoaicohol (35.4 mg. 0.121 mmol) was combined with the resultant compound from 
Example 83 (53.1 mg. 0.130 mmol). HOBt (23.2 mg. 0.152 mmol) and 4-methyl- morpholine (14 mg 0 136 
mmol) in 1.2 ml DMF. The solution was cooled to -15 'c and EDC (36 mg. 0.19 mmol) was added The 
resulting m.xture was stirred and allowed to slowly warm to room temperature (24 h total). The solvent was 
removed under reduced • pressure, and the residue partitioned between aq. NaHC0 3 and CH 2 CI 2 The 
aqueous phase was extracted (3 x 10 ml CH 2 Cl 2 ). and the combined organic extracts were washed with 10 
ml brine, dried <Na 2 SOO.and concentrated under reduced pressure. Column chromatography (3% MeOH- 
CH 2 CI 2 ) provided 41.3 mg (50%) of the title compound as a colorless solid, m.p. 55-60 °C 'H NMR (CDCI 3 ) 
o 0.6-1.9 (several bm. approx. 26H). 2.68 (d, 3H). 2.3 (dd. 1H). 2.92 (s. 3H). 3.0-3.2 (m. 2H), 3.31 (m 1H) 
3.38 (2s. 3H). 3.4-3.6 (bm. 2H). 3.85 (bm. 4H). 3.94 (bm. 1H). 4.51 (dd, 1H). 4.69 (2s. 2H). 5 65 (bm" TH) 
■to 5.87 (2d. 1H), 7.25-7.38 (m. 5H). Mass spectrum: (M + H)* = 683. 

■ Analysis. Calcd. for C 3 4H 53 N t O 8 S-0.5 HjO: C. 59.02: H, 8.59: N. 8.10. Found: C. 58.98: H 8 3V N 
7.94. . 



Example 123 



1-(3-(tert-Butyloxycarbonyl)-2.2-dimethyl-4(S)-cyclohexylmethyl-5(S)>oxazolidinyi^ 
50 ' {dimethy)aminoethoxycarbonyi)amino)-3-methylbuta ne. 

/ 

A solution of the resultant compound from Example 112 (2.27 g. 5.52 mmol) in 17 ml dry toluene was 
treated w.th tnethylamine (0.85 ml. 6.07 mmol) and diphenylphosphorylazide. (1.67-g. 6 07 mmol) The 
55 solut.on was warmed to 65 C for 2 h. then N.N-dimethylethanolam,ne (2.46 g. 27.6 mmol) was added and 
the resulting solution was refluxed for 24 h. The solvent was evaporated under reduced' pressure and the 
res,due was dissolved- ,n 450 ml EtOAc and extracted (1 x 400 ml of 1N HCI. 1 x 400 ml water. 1 x 400 ml 
sat. aq. NaHC0 3 , 1 x 450 ml brine). The organic phase was dried (MgSO*) and concentrated under reduced 
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pressure. Flash chromatography (6% MeOH-CH 2 Cl 2 ) provided 1.88 g (68%) of a colorless glass. 

'H NMR (CDCb) 5 0.9 (d. 6H), 0.8-1.9 (several bm) ana 1.47 (s. approx. 31 H total). 2.29 (s. 6H). 2.54 (bt. 

2H) 3.7 (bm. 2H). 3.97 (m. 1H). 4.16 (m. 2H). 4.90 (bd. 1H). Mass spectrum: (M + H) = 498. 

Analysis. Calcd. for C 27 H S , N 3 0 5 '0.5 H 2 0: C. 64.00; H, 10.34; N. 8.29. Found: C. 64.13: H. 10.13; N. 
8.35. 



Example 124 



' \ -(3-(tert" Butyloxycarbonyl)-2.2-dimethyl'4(S)-cyclohexylmethyl-5fS)"Oxazolidinyl)-2(S)-((4- 
morphoiinoethoxycarbonyl)amino)-3-methylbutane. 



The procedure of Example 123 was followed, with the substitution of 2-(hydroxyethyl)morDholine for 
N.N-dimethyiethanolamine. to provide the title compound in 65% yield. 1H-NMR (CDCI3) 5 0.93 (2d. 6H). 
0.8-1.9 (several bm). 1.48 (s) and 1.60 (s. approx. 31H total). 2.50 (bm, 6H). 2.61 (bt. 2H) ; 3.65 (bm) and 
3.72(m, 6H total). 3.99 (m. 1H). 4.2 (m, 2H), 4.9 (bm. 1 H). Mass spectrum: (M + H) * = 540. 



Example 125 



1 -(3-(tert-Buty loxycarbonyl)-2.2-dimethyl-4(S)-cyclohexylmethyl-5(S)-oxazolidinyl)-2(S)'((2-pyridyt)- 

ethoxycarbonyl)amino)-3*methylbutane. 



The procedure of Example 123 was followed, with the substitution of 2-(2-hydroxyethyl) pyridine for 
N.N-dimethyiethanolamine. to provide the title compound in 64% yield after flash chromatography .(3% 
MeOH-CH 2 CI 2 ). 5 H NMR (CDCb) 8 0.9 (bd. 6H). 1.47 (s). 1.54 (bs) and 0.75-1.85 (several bm. approx. 31 H 
total), 3.11 (bt, 2H). 3.63 (bm. 2H), 3.97 (bd. 1H), 4.45 (m. 2H). 4.82 (bs. iH), 7.14 (ddd. 1H), 7.19 (bd. 1H). 
7.60 (td. 1H). 8.55 (ddd. 1H). ■ ' 



Example 126 



1 -(3-ftert-Bu tyloxycarbonyl)-2.2-dimethyl-4(S)-cyclohexylmethyl-5-(SVoxazolidinyl)-2(S)-((2-(1H-imida20lyi)- 

jmethoxycarbonyi) amino)-3-methyibutane. 

The procedure of -Example 1 23 is employed, with the substitution- of (2-hydroxymethyi)imidazoie 
hydrochloride for N.N-dimethyiethanolamine. and the inclusion of an additional equivalent of triethylamine. 
to provide the title compound. 

Example 127 



1 ■(3Wter t-Butyloxycarbonyl)-2,2^ 

ethoxycarbonyl) amino)-3-methytbutane. 



The procedure of Example 123 is employed, with the substitution of 2-methylthioethanol for. N.N- 
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dimethyiethanolamine. to provide the desired compound in 25% yieid, after Hash chromatography <10%* 
EtOAc-hexanes). 'H NMR (CDCI 3 ) 5 0.92 (bd)' and .0,8-1.05 (bm, 8H total), 1.48 (s) 1.60 (bs) and 1.1-1.9 
(several bm. approx 31 H total). 2:16 (s. 3H), 2.71 (bt. 2H). 3.65 (bm. '2H). 3.99 (m. 'lH), 4.23 (m, 2H). 4.87 
(bm. 1 H). Mass spectrum: (M + H) + = 501. 



Example 128 



1-(3-(tert-Butyloxycarbonyt)-2.2-dimethyl-4($)-cyclohexylmethyl-5(S)-oxazolidinyl)-2(S - . 

- — - - r - - • • • - — - methylbutane-. - - - - - - • ,- • • 

is " A solution of the resultant compound from Example .112 (200 mg. 0.486 mmol) in 1.5 ml dry toluene 
was treated with tnethyiamme (0.075 ml. 0.54 mmol) and diphenylphosphoryi- azide (0.1 1 5 ml. 0.54 mmol). 
The solution was warmed to 65 V C for 2.5 h. then was cooled to 0*0 and treated with a solution of 
butylmagnesium chloride (0.668 ml, 2.0 j M in THF, 1.34 mmol). The solution was allowed to slowly warm to 
room temperature and stir for. 14 h. The mixture was partitioned between EtOAc and water, and the organic 
. 20 phase was washed (1 x 25 mMN HCI. 2 x 75 ml water. 1 x 75 ml sat. aq. NaHCCh, 1 x 100 ml brine), then 
concentrated in vacuo. Flash chromatography (20% EtOAc-hexanes) gave 202 mg (84%) of the title 
; compound as a white solid. * H NMR (CDCb) 6 0.93 (m) and 6:8-1 :05 (bm. 1 1H total), 1.48 (s) and- 1.1-1-9 
(several bm, approx, 35H total), 2.16 (dd. 2H), 3.63 (bm, 1H), 3.95 (brn) and 4.0 (m. 2H total). 5.15 (bm. 1H). 
Mass spectrum: (M '+ H) =.467. 



Example 129 



30 " • - ' ' . 

2(S)-(1(S)-(4-{Methoxymethoxy)piperidin-1-yl)carbonyl-2-phenyl) ethoxyhexanoic acid amide of 2(S)-amino-i - 
cyclohexyl-5(S)-(2-(dimethyiamino)ethoxycarbonyl)amino-3(S)-hydroxy-6-methy (heptane.- 

35 Using the procedure of Example 116. the resultant product, from Example 123 is deprotected and - 

coupled, to provide the desired product in- 68% yield after flash chromatography (5% MeOH-CH 2 Cl2h m.p. 
.55-60. * C. 'H NMR (CDCh) ; 5 0.88 (m) and 0,7-1 .0 (bm. approx 1 1 H total). 1 0-1 .9 (several bm. approx. 24H 
total). 2.25 (bs. 3H). 2.31 (bs. 3H). 2.57 (bm. 2H), 2.6-3.25 (bm. 4H). 3.32 (m. 4H). 3.4-4.0 (several bm. 8H). 
4.2 (bm, 2H).~ 4.4-4.9 (bm.- 4H-). 6.04 (bd). 6.18 (bd) and 6.7 (2 overlapping bd. -1 H total).: 7.2-7.4 (bm. 5H). 
-o Mass spectrum: (M + H) = 747. 

Analysis, paled. . for C* . H 7 oN 4 Os : ; C. 65.92: H, 9.44: N. 7.50. Found: C: 65.77: H. 9.45: N. 7.47. 

■ Examoie 130 



2(S)-(1(S)-(4-(Methoxymethoxy)pipendin-l-yi)carbonyl-2-phenyl)ethoxyhexanoic acid amide of 2(S)-amino-1 - 
cyclohexyi-5(S)-((2-(4-morpnoiino)ethoxycaroonyl)amino-3(S)-hyaroxy-6-methyiheptane. 
50 : : ' ' : : ' ~~ *" 

i 

Using the procedure of Example 116, the resultant product from Exampie 124 is deprotected and 
coupled, to provide the desired product in 73% yield after flash chromatography (3% MeOH-CH2Cl2 ), m.p. 
57-60 *C. *H NMR (CDCI3) 5 0.9 (overlapping t and 2d) and 0.6-1.05 (bm, 1 1H total), 1.05-1.9 (several bm. 
55 approx. 24H). 2.50 (m, 4H). 2.64 (bt. 2H), 2.97-3.25 (bm. 3H), 3.34 (s) and 3.25-3.45 (bm. 4H total). 3.47 
. (bm), 3.75 (m) and 3.45-4.0 (1 2H total). 4.25 (m. 2H). 4*4-4.7 (bm) and 4.63(s) and 4.65 (s. 3H total). 4.77 
(bd, 1H). 6.02 (bd). 6.16 (bd), 6.50 (m)and 6.05 (m'. 1H total). 7.28 (bm. 5H). Mass spectrum: (M + H) * = 
• 789. 
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Analysis. Caicd. for CisHjzNiO-: C. 65.45; H. 9.20; N, 7.09. Founa: C. 65.10; H. 9.10; N, 7.09. 

Example 1 3 1 v 



2( S)-( 1 (S)-(4-(Methbxy methoxy)piperidin-1-yl)carbonyl-2-phenyi)ethoxyhexanoic acid amide of 2(S)-ammo-l 
cyclohexyi-5(S)-((2-(2-pyridyl)ethoxycart)onyt)amino-3(S)-hydroxy-6-methyiheptane. 



Using the procedure of Example 116, the resultant product from Example 125 is deprotected and 
coupled, to provide the desired produce in 64% yield after flash chromatography (3% MeOH-CH 2 Cl 2 ), m.p. 
51-54 ' C. H NMR (CDCh) 5 0.88 (overlapping t and 2d) and 0.6-1.0 (bm. 11H total), 1.0-1.9 (several bm. 
?s approx. 24H), 3.14 (bt). 3.35 (s) and 2.96-3.4 (several bm. 9H total), 3.54 <bd). 3.73 (bt) and 3.4-4.4 {several 
bm, approx 9H total). 4.52 (bm, 4H). 4.65 (2s. 2H). 5.99 (bd) and 6.12 (bd. 1H total). 7.1-7.3 (m. 7H), 7.61 
(m. 1 H). 8.56 (m. 1 H). Mass spectrum: (M + H) = 781 . 

Analysis. Catcd. for C**m a N*Os -0.5 H 2 0: C. 66.89; H. 8.80: N. 7.09. Found: C. 66.68: H. 8.59; N. 7.13. 

20 

Example 132 



25 2(S)-(1(S)-(4 -(Methoxymethoxy)piperidin-l-yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of 2(S)-amino-1 - 
cycio hexyl-5(S)-((2-(pentanoyQamino-3(S)-hydroxy-6-methylheptane. 

Using the procedure of Example 116. the resultant product from Example 128 is deprotected and 
30 coupled, to provide the desired product m 35% yield after flash chromatography (1% MeOH-CH 2 CI 2 ), m.p. 

55-65 * C. ' H NMR (CDCI3) 5 0.9 (overlapping t and 2d) and 0.6-1.0 (bm. 11H total). 1.0-1.9 (several bm. 

approx. 28H, 2.27 (t. 2H). 2.9-3.6 (several bm) and 3.33 (s. 10H total). 3.65 (bm, 1H). 3.72 (bt. 2H)V 3.9 (bm. 

3H), 4.14 (bm. 1 H), 4.52 (bq. 1H). 4.64 (2s. 2H). 5.50 (dd. 1H). 6.19 (d) and 6.30 (d. 1H total), 7.28*<bm. 5H).. 

Mass spectrum: (M + H) = 716. 
35 Analysis. Calcd. for C* , H^^O; '0.75 H 2 0: C. 67.50; H. 9.74; N. 5.76. Found: C. 67.13: H, 0.36; N. 

5.80. 

Example 133 

-0 

2fS)-(1(S)-(4-(Methoxymethoxy)pioendin-i -y)) carbonyl-2-ohenyl) ethoxyhexanoic acid amide of 2(S)-amino- 1 - 
c yclohexyi-5(SH(iH-imidazol*2-yi)methoxycaroonyl)amino-3(S)-hyaroxy6-methylheptane 

Using the procedure of Example 116. the resultant product from Example 126 is deprotected ana 
coupled, to provide the desired product. 

50 

Examole 134 



55 2(S)-(l(SV(4-(Methoxymethoxy)piperidin-l-yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of 2(S)-ammo 
cyclonexyi-5(S)-(2-fmethyithio)ethoxycaroonyl)amino-3(S)-hyaroxy-6-metnylheptane. 
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e ...... 

Using the procedure of Example 116, the resultant product from Example 127 is deprotected and 
coupled, to provide the desired product. 

f ■ " ' ■* . - ' . . 

5 Example 135 



2( S)-(lfS)-f4»(Methoxymethoxy)piperidin-1-yl)carbonyl-2-phenyl)ethoxyhexanmoic acid amide of 2(S)-amino-i - 
jq ' cyctohexyl-5(S)-f2-fmethylsulfonyl)ethoxycarbonyl)amino-3fS)"hygroxy-6-methylheptane. 

Using the . procedure of 8. M Trost and D. P. Curran, Tetrahedron Lett. 1981, 22, 1287-1290. the 
res u Itant product from, Exam p.le_J_34js_ oxidized to provide the desir ed product. _ _ _ 

15 . ' * . ^ • • • 

Example 136 



20 ' 

2fSH1 (SH4-(Methoxymethoxy)piperidin-l-yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of 3-(dimethyl-N-ox- 
"yamino)propyr5(S)=amino-6-cyclohexyl-4(S)-hydroxy'2(S)-isopropylhexanamide.' 



25 A sample of the resultant product from Example 117.(50 mg, 0.067 mmol) was dissolved in 0.35. ml : 

MeOH and treated with 30% aq. hydrogen, peroxide solution (0.027 ml), added in three portions over 3 
days. After 4 days at room temperature, the solvent was removed, and the residue purified by column 
chromatography (9.5% MeOH-0.5% cone. aq. N(~LOH-CH 2 CI 2 ) to provide 18 mg -(37%) of the desired 
compound. H NMR (CDC1 3 ) 6 0.88 (d, 3H), 0.9 (bt, 3H), 0.93 (d. 3H), .0.65-2.7 (several bm, approx. 28H 

jo total), 2.9-3.25 (several bm) and 3.14 (s, 7H total), 3.25-3.6 (several bm). 3.34 (s). 3,36 (s) and 3.37 (s, 
approx. 1 0H). 3.6-3.8 (bm, 4H), 3.88' (bm, 1H), 4.0-4.2 (bm; 2H), 4.62 (bm. 1H), 4.67 (2s. 2H), 5.84 (bt. .1 H), 
7.2-7.4 (bm, 5H), 8.28 (bm, 1H). Mass spectrum: (M + H) \ = 761. 



35 Example 137 



(2S.3R.4S)-4-(tert-Butyloxycarbonyt)amino-5-cyciohexyl-2-hydroxy-1-(N-methoxy-N-methylamino)-3- 
40 (methoxyethoxymethoxy)pentane. 

The resultant compound from Example 22 (454.7 mg, 1.17 mmol) in dioxane (4 mL) was treated with N- 
methyl-O-methylhroxylamine hydrochloride (1.14 g. 11.7 mmol) in water (4 mL). Solid NaHCOa.(l.OO g, 11.9 
mmol) was added, the reaction was sealed and heated at 90 ." C for 60 h. The reaction was cooled, poured 
into saturated NaHCOa solution and extracted into ethyl acetate which was dried over NasSO* and 
evaporated. Chromatography of the residue on silica gel (60 g) with 60% ethyl acetate in hexane afforded 
306.0 mg (58%) of the 2S-isomer (followed by the 2R-isomer). TLC (5% methanol/95% chloroform) R f = 
0.53: 'H NMR (CDCb) 5 4.89 (d, 1 H), 4 ; 77 (s.2H), 4.02-4.12 (m, 1H), 3.02! (s, 3H), 3.39 (S. 3H), 2.91 <dd. 
50 1H), 2.63 (S. 3H), 1.45 (S, 9H). 



Example 138 



f2S.3R.4S)"4-Amino-5-cyclohexyl-2.3-dihdroxy-1-(N-methoxy-N-methytamino)pentane. 
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The resultant compound from Example 137 (1.00 mmol) was stirred for 1 h in 4M HCi/ethanol. The 
mixture was evaporated and the residue was dissolved in water which was made basic with solid K2CO:) 
ana was then saturated with NaCl. The mixture was extracted with chloroform which was dried over Na2SOd 
and evaporated to afford the desired product. 

Example 139 



w 

2fS)-d (SV(4-(Methox ymethoxy)piperidin-i*yl)carbonyl-2-phenyt)ethoxyhexanoic acid amide of (2S.3R.4S)-4- 
Amino-5-c yciohexyl-2.3-dihydroxy-W(N»methoxy-N-methylamino)pentane 

15 The resultant compounds from Examples 138 and 83 were coupled according to the procedure of 

Example 93 to give .the , desired product. High resolution mass spectrum. Calcd. for (M + H) of 
C 3 5HscN 3 Oa: 650.4380. Found: 650.4388. 



Example 140 



N-((3-(t ert'Butyloxycarbonyl)"2.2-dtmethyl-4(S)-cyclohexylmethyl-5fR)-oxazolidinyl)methyl)isopropylamine. 

25 ' 

The resultant aldehyde from Example 99 (479 mg, 1.47 mmol. 8:1 mixture of epimeric aldehydes) was 
dissolved m 5 ml iPrOH, and isopropyiamine (0.15 ml. 1.76 mmol) was added, and the pH was adjusted to 
6 with acetic acid and sodium acetate as buffer. The solution was cooled in an ice bath, and 'a solution of 

30 sodium cyanoboro-hydride (119 mg, 1.89 mmol) in 2 ml iPrOH was added. After stirring the resultant 
solution at 0 * C for 6 h. it was allowed to warm to room temperature and stir an additional 0.5 h. The 
reaction was made basic with 1.0 M aq. Na 2 COa (5 ml) and the isopropanol was removed under reduced 
pressure. The residue was partitioned between water and EtOAc. and the organic extracts washed with 
brine, dried (Na 2 SOO and concentrated. Purification by flash chromatography (3% MeOH-CH 2 Cl 2 ) provided 

35 262 mg (48%) of the title compound as a colorless oil. (as well as 18 mg (3%) of diastereomeric amine). H 
NMR (CDCb) 6 0.9-1.35 (several bm) and 1.08 (2d. 13H total). 1.48 (s, 9H), 1.51 (s). 1.58 (s) and 1.35-1.86 
(several bm. approx. 12H total). 2.70 (m, 2H). 2.82 (m. 1H), 3.7 (bm. 1H), 4.0 (ddd. 1H). Mass spectrum: 
(M + H) * = 369. 

Example 141 



^-((3-(t ervButyloxycarbony1)-2.2-dime^ 

isopropyiamine. 



The resultant product from Example 140 is reacted with methyisulfamoyl chloride according to the 
so procedure of Example 121, to produce the title compound as a low melting solid in 86% after flash 
chromatography (EtOAc-hexanes 1:4). 1H NMR (CDCb) 5 0.98 (bm, 2H), 1 .25 (2d) and 1.1-1.35 (bm, 10H 
total), 1.48 (s. 9H), 1.63 (bs) and 1.37-1.87 (several bm. approx. 13H total). 2.70 (d. 3H), 3.25 (m. 2H). 3.83 
(dt. 1H), 4.01 (septet, 1H), 4.10 (m. 1H), 4.25 (bm. 1H). Mass spectrum: (M + H)* - 462. 

Analysis. Calcd. for C22H0N3O5S: C. 57.24: H, 9.39: N. 9.10. Found: C, 57.54: H. 9.50: N. 8.95. 



Example 142 
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2(SHi(SH4-(Methoxy methoxy)piperi acid amide of . (2S.3S)-3-amino-4- 

! cyciohexyl- 2-hydroxy-i -fisopropyi(methylsutfamoyl)amino)butane. 

5 * The resultant compound from Example 141. was deprotected and coupled according to the procedure of 
Example 1 1 6 to provide the desired product in 51 % yield after preparative thin-layer chromatography (4°'o 
MeOHCH 2 C12) as a foam, m.p. 45-52 " C. 'H NMR (CDCb) 5 0.94 (2t, 3H). 1.21 (2d. 6H». 0.65- 1 .9 (several 
bm. aoprox. 21H), 2.66 (2d, 3H). 2.9-3.15 (bm, 5H). 3.2-3.4 (bm. 2H), 3.37 {2s. 3H). 3.5 (bm. 3H). 3.72 (bm. 
5H), 4.0 (bm overlapping septet. 2H). 4.55 (dd. 1 H). 4.69 (2s. 2H). 5.58 (bm, 1 H). 5.64- (2bd. 1 H), 7.35 {bm. 

io 5H). Mass spectrum: (M + H) =711. 

Analysis. Calcd. for C 3S H 5 2 N 4 0 3 SMD.25 H 2 0: C. 60.44; H. 8.80; N. 7.83. Found: C. -60.82; H. 8.57; N, 

. 7.80. ; ' * V " "■ ~ ' ^ .['r ~ . """ ' ; " " ' " " " v "' 



Example 143 



2(SW 1 (S)-{4-( Methoxymethoxy)piperidin-l-yl)carbonyt-2-phenyl)ethoxyhexanoic acid amide of (4S.5S)-5-amino- : 
' [ : ' hydroxy-7-methyl-2(E)-octenoic acid isoDutyiamide. 



The title compound- is prepared according to. the procedure of Example 116; with the substitution of 
(4S.5S)-5-amino-4-hydroxy-7-methyl-2(E)-octenoic acid isobutylamtde (prepared according to the procedure 
25 described in Example 2. part 3. European Patent Application EP0272583, publioshed June 29. 1988) for 2- 
(S)-amino-1-cyclohexyl-3(R).4(S)-dihydroxy-6-'methylheptane as the amine component. 

Example 144 

30 ' ■ - " - ' ; : -" ' • • 

- 2(S)-(r(S)-(4-{Met hoxymethoxy)piperidin-l-yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of N-((2R.4S.5S)-5- 
~ : . amino-4-hydroxy-2-isooropyioctanoyl)-isoleucyihistadinamide. : 

35 ' ' " . • : 

The title compound is prepared according to the procedure of Example 1 1.6. with the substitution of N-(- 
(2R;4'S.5S):5-amino-4-hydroxy-2-isopropyloctanoy!)isoleucylhistadinamide (prepared according to" the oroce- 
dure described in Example i(i). United States Patent No. 4.719.288. issued January . 12. 1988) for 2(S)- 
-o amino- l-cyclohexyi-3 (R).4(S)-dihyaroxy-6-methylheptane as the.amine component. ' . 

Example 145 



2(S)- (1(S)-(4-/Methoxymethoxy)piperidin-1-yt)carbonyl-2-phenyl)ethoxyhexanoic acid amice of (1R.3S.4SM- 
amino-5-cyclohexy l -3-hydroxy- 1 -isopropy tpentanesuifonic acid morpholinoamiae 

The title compound -is prepared according to the procedure.'.of Example 116. with the substitution of 
(1 R.3S,4S)-4-amino-5-cyciohexyl-3-hydroxy- 1 -isopropylpentanesuifonic- acid morpholmoamide (prepared ac- 
cording to the procedure described in Example 2. European- Patent Aoplication No. EP0309841. published 
"April 5, 1989) for 2(S)-amino-l -cyclohexyl-3(R) ( 4(S)-dihydroxy-6-methylheptane as the amine component. 



Example 146 
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2( SH 1 (S)-(4-(Methoxymethoxy )pi peridin- 1 -yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of (2S)-2-amino- 1 - 
~ cyciohexyl-3.4-dioxoheptane. 



5 The procedure of Example 116 is- utilized, with the substitution of 2-<(i RS.2S)-2-amino-3-cyclohexyM- 

hydroxypropyl)-2-propyl-1.3-dithiane hydrochloride (prepared according to the procedure described in 
Example 1. European Patent Application No. EP0296581. published Oecember 28. 1988) for 2(S)-amino-w 
cyclohexyl-3(R).4(S)-dihydroxy-6-methyiheptane as the amine component. The resulting amide was trans- 
formed into the title compound by hydrolysis of the thioketai and Dess-Martin oxidation of the secondary 

jo hydroxyl group according to the procedures described in the above citation. 

Example 147 



21 SH 1 fS>-(4-(M ethoxymethoxy)piperidin-l-yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of 2-((1 R.2S)-2- 

amino-3-cyclohexylpropyl)- 1 H-imidazole. 

\ 

The procedure of Example 116 is employed, with the substitution of 1 -benzyloxymethyl-2-((1 R.2S)-2- 
amino-3-cyclohexyipropyl)-imidazole (prepared according to the procedure described in Example 1, Eu- 
ropean Patent Application No. EP0231 91 9, published August 12. 1987) for 2(S)-amino-1-cyclohexyl-3(R).4- 
(S)-dihydroxy-6-methylheptane as the amine component. The title compound is then produced by 
25 hydrogenolysis of the resultant amide over palladium hydroxide on carbon, according to the procedure in 
the citation above. 



Example 148 

30 

2<SH 1 (S)- (4-(Methoxymethoxy)piperidin-i-yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of (4S)-N'-((2S)-(2- 
benzyiamin ocarbonyl-3-methylbutanoyl))-2.2'difluoro-3-oxo-6-methyr- 1 4-heptanediamine; ■ 

The title compound is prepared according to the procedure of Example 116.- with the substitution of 
(3RS.4S)-N , -((2S)-(2-benzylam!nocarbonyl-3-methylbutanoyl))-2.2-dtfluoro-3-hydroxy-6-methyl-l .4- 
: heptanediamine (prepared according to the procedure described in Example 32. European Patent Applica- 
tion No. 275101, published July 20. 1988) for 2(S)-amino-1 -cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane 
as the amine component. Subsequent Collins oxidation, according to the procedure of Example 8 of the 
above citation, produces the title compound. 

^5 Examoie 149 



2(S)-(1(S)-(4-(Methoxymethbxy)piperidin'1'yl)carbonyl-2-phenyl)ethoxyhexanoic acid amide of (3S)-3-(d S.2S)»2- 
50 amino-3-cyciohexy I- 1 -hydroxypropy I)- 1 -(N-benzyl-2-(diethy laminoethyl)-5.5-dTmethyl-2-pyrrolidinone acetate. 



The procedure of Example 116 is employed, with the substitution of (3S)-3-((l S.2S)-2-amino-3- 
cyciohexy I- 1 -hydroxypropyl)- 1 -(2-(diethylaminoethyl))-5.5-dimethyl-2-pyrrolidinone (prepared according to 
55 the procedure described in Examples 2 and 3. European Patent Application NO. 312283. published April 19. 
1989) for 2(S)-am(no-i-cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptane as the amine component. The C- 
terminal tertiary amine is quaternized by the action of benzyl bromide in the presence of ethyi- 
diisopropylamine, followed by anion exchange, according to the procedure of Example -3. part Q. of the 
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above citation, thereby producing the desired compound. 

-. ' ' ' ' ' Example 150 . 

5 \ '■" * ' • 

2(SH 1 fS )-{4-fMethoxymethoxy)piperidin-l-yl)carbonyi-2-phenyl)ethoxyhexanoic acid N*-amide of (3S.4S)-N : -f- 
( 1 S)- 1 -(benzyiaminocarbonyl)-3-methylbutyl)-3-hydroxy-5-methyi-1 .4-heptanediamine 

jo • • • • 

' / The title compound "is prepared according to the' procedure of Example 116. with 7 the substitution of 
(3S.4S)-N 1 -{(1 S)M-(ben2ylaminocarbonyi)-3-methylbutyl)-3-hydroxy-6-methyl-1,'4-heptanediamine (prepared 
— -aecording-to-the procedure-described 
>5. 2. 1986) for 2(S)-amino-l- cyciohexyi-3(R),4<S)-dihydroxy-6-methylheptane as the amine component. 

Example 151 



2fSW1(S)-(4HMethoxymethoxy)piperidin-1-yi)carbonyl-2-phenyl)ethoxyhe of N-(N-((((2S,3S)-3- 

amino-2-h ydroxy"5-methyihexyt)-(1 'methylethyl)amino)carbonyi)-L-isoleucyi)-L-histidine. methyl ester. 

25 • \ •• . • • 

The title compound is prepared according to the procedure of Example 116, with the substitution of N- 
(N-{f((2S.3S)-3-aminor2-hydroxy-5-methylhexyl)-( 1 -methylethyl)- amino)carbonyl)-L-isoleucyl)-L-(N im -ben- 
zyioxymethyl)-histidine, methyl ester (prepared according to the procedure described in Example 4g, United 
States Patent No. 4,757.050. issued July 12,- 1988) for 2(S)-ammo-l-cyclohexyl-3(R).4(S)-dihydroxy-6- 
30 methylheptane as the amine component. The title compound is obtained by standard hydrogenotysis of the 
above resultant compound. 

Example 1 52 

35 ; _ • 

2(SH i(S)-(4-fMethoxymethoxy)piperidin-l -yl)carbonyl-2-phenyi)ethoxyhexanoic acid N^-amide of ((3S,4S)-3.4- 
aiammo-6-methylheptanoyi )-L-isoieucyl-2-py nay imethy (amine. 

jo • • . :.; 

The title compound is prepared according to the procedure of Example 116. with the substitution of (-' 
(3S.4S)-3-(4-methoxyphenyl)amino-4-amino-6-methylheptanoyi)-L-isoleucyl-2-pyridyi-methylamine (prepared 
according to the procedures described in H. J. Schostarez, J. Org. Chem. 1988, 53, 3628. and S. 
-ts Thaisnvongs, H. J. Schostarez, D. T. Pals'and S, R. Turner. J. Med Chem. 1987, 30, 1837) for 2(S)-amino- 
1 -cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptane as the amine. component. The title compound is obtained 
by oxidative deprotection of . the methoxyphenyl group with eerie ammonium nitrate as described in the 
citations above. 

50 . 

Example 1 53 



55 4-(tert-8utoxycarbonyl)-5S-{benzyi)-2H-l .4-oxazin-2one 

' To suspension .-of 10.0 g (66 mmoi) of L-phenylaianinol in 120 mL of dry THF and 16 mL; 11.5 g (114 
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mmoi) triethylamme cooled in an ice-water bath was added 11 mL, 16.5 g (98 mmoi) of ethyl bromoacetate 
(freshly filtered through basic alumina). The reaction mixture was stirred to room temperature over 18 h. 
recooied in an ice-water bath, and filtered; Remaining unfiltered solids were washed with cold THF and 
filtered Di-tert-butyl dicarbonate (20g. 92 mmoi) was added to the combined filterates and the THF was 

s siowly removed under reduced presssure (30 min) at 50-70 °C. The crude residue was dissolved in 300 mL 
toluene, washed with dilute HCI. saturated sodium bisulfate. dried <MgS04) and filtered. p-Toluenesuifonic 
acid monohydrate. 500 mg. was added to the toluene solution. Excess toluene (250 mL) was removed by 
distillation. The toluene solution was cooled, washed with saturated sodium bisulfate. dried (MgSCu) and 
filtered, total volume 100 mL. Hexane (150 mL) was added and the product crystallized at room temperature 

70 to gtve 10.00 g of a white solid. A second recrystallization gave 1.75 g of a white- solid. The mother liquors 
were purified by flash chromatography using ethyl acetate:hexane (1:4) to give another 1.13 g. Total 
combined yield 1 2.88 g (67%): mp 98-100 °C; [a] 25 D = -13.7 0 (C = 2.45 'CHCb); 
IR {CDCb) 1750 (lactone C = O). 1690 (carbamate C=0)cm-'; 

H NMR (CDCI 3 ) 7.4-7.2 (m. 5H. Ph). 4.35-4.1 (m. 5H. OCH 2 , COCH 2 and CH-N). 3.0 (dd. 1 H . J = 5 and 
12 Hz. CH 2 -Ph), 2.82 (ddJH. J = 10 and 12 Hz. CH 2 -Ph). 1.45 (s. 9H. t-butyl); MS. m e (M ) 291: Anal. 
Caleb for CsHz-NO*: C. 65.97: H. 7.21: N. 4.81 : Found: C. 65.67: H. 7.21: N, 4.75. 



;5 
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Example 154 



4-(tert-Butoxycarbonyl)-5S-(cyclohexylmethyl)-2H-1.4-oxazin-2-one 

Using the procedure of Example 1 and 14.0 g (71 mmoi) of amino alcohol hydrochloride (prepared from 
20 g of L-Boc-cyclohexylalaninol and 4M HCI dioxane), 200 mL THF, 28 mL (193 mmoi) triethylamineV 17.9 
g (106 mmoi) ethyl bromoacetate. 18.5 g (85 mmoi) di-tert-butyl dicarbonate. 500 mg p-tolunesulfonic acid 
monohydrate gave crude lactone. Product was purified by flash chromatography using a 1:4. 3:7 and 4:6 
ethyl acetate : hexane step gradient to give 11.7 grams of pure lactone. Yield 55%: mp 73-74 °C: [a) 25 D - 
+ 1 09 0 (C = 082 CHCb); IR (CDCb) 1750 (lactone C = 0), 1690 (carbamate (C=0) cm-; ! H NMR 
(CDCI3) 4.5-4.2 (m. 4H. 0-CH2. COCH and CH-N). 3.97 (d. 1H. 18 Hz. COCH). 1.9-0.9 (br m, 13H. 
cyciohexylmethyl). 1.49 (s. 9H. t-butyl): MS m/e (M + H)' 298: Anal. Calcd for C.sH a7 NO*: C. 64.64: H. 9.09: 
N, 4.71. Found: C. 64.73: H, 9.00: N. 4.71. 

Example 1 55 



-0 



4»(tert-Butoxycarbonyl)-5S-(methyl)-2H-l.4-oxazin-2'One 



Using the procedure of Example 1 and 9.5 g (126 mmoi) of 2S-amino-i -propanol. 100 mL THF, 30 mL 
^5 (214 mmoi) triethylamine. 31 g (190 mmoi) ethyl bromoacetate. 33 g (151 mmol) r di-tert-butyl dicarbonate.' 
500 mg p-totunesulfonic acid monohydrate gave crude lactone. Product was purified by flash chromatog- 
raphy using a 14 and a 3:7 ethyl acetate : hexane step gradient. The lactone was obtained as a white 
crystalline solid (8.0 g) in 30% y.eld: mp 85-86 °C; [aj" 0 = +6-96 ° (C = 2.21 CHCb); IR (CDCb). 1750 
(lactone C = 0). 1690 (carbamate C = O) cm-'; ! H NMR (CDCb) 4.46 (dd. 1H, J = 3 and 10 Hz. 0-CH). 4.30 
so (d 1H. 18 Hz. COCH). 4.18 (br dd. 2H. J = 3 and 12 Hz. O-CH and CH-N). 4.08 (d. 1H. J = 18 Hz. 
COCH). 1.48 (s. 9H, t-butyl). 1.29 (d. 3H. J = 7Hz. CH 3 ): MS m/e (M. + H) 216; Anal. Calcd for C-cHt 7 NO*: 
C. 55.81: H. 7.90; N. 6.51. Found: C, 55.98: H. 7.93: N, 6.55. 

55 Example 1 56 
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' 4-(tert-8utoxycarbonyl)-5S-(n-butyt)-2H-1 ,4-oxazm-2-one 



Using the procedure of Example 1 and 16 g of 2S-aming- 1 -hexanol hydrochloride (prepared from 26 g 
5 .119 mmol of L-Boc-norlucinol and 4 M HCI dioxane), 250 mL THF, 45 mL (320 mmol) triethylamine; 30 g 
(180 mmol) ethyl bromoacetate. 31 g (142 mmol) di-tert-butyl dicarbonate." 500 mg p-tolunesulfonic acid 
monohydrate gave crude lactone. Product was purified by flash chromatography using a 1 :4 and a 3:7 ethyl 
acetate : hexane step gradient. The, lactone was obtained as a clear oil (13.0 g) in 45% yield: [a] 25 0 = 
+ 3.45 ° (C = 2.95 CHCI 3 ); IR (Film) 1760 (lactone C = 0). 1700 (carbamate C = 0) cm"VH NMR (CDCI 3 ) 
>o 4.46 (dd, 1 H. J = 3 and 10 Hz, 0-CH), 4.41-4.26 (br m. 2H, O-CH and COCH), 4.12 (br. s. 1H. CH-N). 4.00 
1.74-1.56 (11 line m, 2H. CH 2 ). 1.48. (s. 9H. t-butyl). t. 42-1.21 (m. 4H: CH2CH2),' 0.92 (d. 3H, J = 6Hz, 
■■* - GH 3 ); 'MS nrv'e (M-+ H)* 258: Anal. Calcd for Ci oHsjNOi: Ct 60/70: H. 8.95; N. 5.45. Found: Cv T 60. 56; "H. 
3.88: N, 5.42. 

i ■ ■ , ■ . .. 
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Example 1 57 



20- ~ 4-(tert-Butoxycarbony i)-5S-fisopropyl)-2H- 1 .4-oxazin-2-one 



" Using the procedure of , Example 1 and 10 g (97 mmol) of 2S-3-methyl-1 -butanoi, 100 mL THF, 23 mL 
(145 mmol) triethylamine. 23 g (145 mmol) ethyl bromoacetate, 25 g (116 mmol) di-tert-butyt dicarbonate. 

25 500 mg p-toiunesulfonic acid monohydrate gave crude lactone. Product was purified by flash chromatog- 
raphy using a 1:4 and a 3:7 ethyl acetate : hexane step gradient. The lactone was obtained as a clear oil' 
(14.9 g) which solidified at -25 °C. Yield 66%: mp 38-40 °C [a] 2S 0 = -30.55 0 (C = 3.22 CHC! 3 ); IR (Film) 
1750 (lactone C = 0), 1700 (carbamate C = O) cm-'; ; H NMR (CDCI3) 4.50 (br d. 2H, 0-CH and COCH), 4.40 
(d d. 1 H, J = 3 and 10 Hz; O-CH), 3.95 (br d. 2H. CH-N and COCH), 1.99 (14 line m. 1 H. CH), 1..48 (s. 9H. 

30 t-butyl), 1.04 (d. 3H. J = 7Hz, CHi), 0.96 (d. 3H. J = 7Hz. CH 3 ): MS me (M + H)* 244; Anal. Calcd for ■ 
C12H21NO1: C, 59.25; H. 8.64; N, 5.76. Found: C. 58.88: H, 8.72; N. 5.71 . 



Example 158 

35 ' 



3S-(Proo-2-en-l -yl)-4-(tert-butoxycarbonytV5S-(benzyl)-2H-l .4-oxazin-2-one 

-0 . ■ . ' 

To a solution of 7.0 mL (1 M. 7 mmol) of sodium bis (hexamethyl-sily!) amide in THF cooled to -70 °C 
(limited liquid nitrogen-diethyl ether bath) was added 2.1 g (7.2 mmoD of lactone (example 1 ) in 10 mL THF.. 
After addition was complete 2.5 mL of dry- HMPA was addea. The reaction was stirred for 15 mm between 
-70 and -80 °C and 1 .5 mL of ally! bromide (freshly filterea through basic alumina) was added. The reaction 

^5 was stirred from -80 to -50 °C over a 20 mm period. A dilute solution of sodium bisuifate was added and the 
reaction . warmed to room temperature, poured into chloroform 'and the aqueous layer separated. The 
aqueous layer was extracted once with chloroform. The combined chloroform extracts were washed once 
with water, dried (MgSOO and evaporated to give 2.02 g of a crystalline solid (85%). An analytical sample 
was prepared by recrystalization from ethyl acetate:hexane at 0 °C; mp 125-127 °C; 

50 [a] 25 D = +40.1 0 (C = 0.96 CHCI 3 ); IR (CDCh) 1750 (lactone C = 0). 1690 (carbamate C = 0); 1 H. NMR 
(CDCI3. 55 °C) 7.37-7.18 ( br m. 5H, C6H5). 5.90-574 (11 line m, 1H, CH=C) ( 5.22-5.10 (m, 2H. C = CH 2 y, 
4.61-4.48 (br s. 1H, COCH); 4.38-4.30 (m, 1 H, O-CH). 4.17-4.10 (br d. 2H. O-CH and CH-N). 3.13-3.00 (br d, 
1H. CHPh), 2.8-2.58 (m. 3H, CH 2 -C =C and CHPh), 1.55 (s. 9H, t-butyl); MS m.e (M + H)" 332: Anal. Calcd 
for Ci^cNOi: C. 68.88: H, 7.55; N. 4.22. Found: C. 68.49; H, 7.56; N, 4.17. 

55 ' .... 

Example 1 59 
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3S-fButyl)-4»(tert-butoxycarbonyl)-5S*(benzyi)-2H»1 .4-oxazin-2-one 



Using the procedure in Example 6 but replacing allyl bromide with butyl iodide and raising the reaction 
5 temperature to -60 °C gave the alkylated product in 43% yield- 1H NMR (DMSO) 7.37-7.18 ( br m. 5K. 
C6H5), 4.48 (dd, 1H, COCH), 4.22 (dd. 1H. O-CH). 4.13-3.97 (br d. 2H. C-CH and CH-N). 2.90 (dd. 1H. 
CHPh). 2.65 (dd, 1H. CHPh). 1.45 <s. 9H, t-butyl), 0.86 (t. 3H. CH 3 ); MS m/e (M + H)* 348; Anal. Calcd for 
C 2: H 2 9NOi: C. 69.14: H. 8.41; N, 4.03. Found: C, 69.43; H. 8.46: N, 3.89. 

to 

Example 160 



Methyl 3-Aza-4(S)-ben2yi-3-(tert-butoxycarbonyt)-2(S>'butyi-5-hydroxypentanoate 



A solution of lithium hydroxide (966 mg. 22.8 mmot) in 7 mL water and lactone ( 2.0 g., 5.7 mmol) from 
example 7 in 16 mL THF were stirred at room temperature for 18 h. The reaction mixture was acidified with 

20 a saturated solution of sodium bisulfate and extracted with dichloromethane. A solution of diazomethane in 
ether was added to the dichloromethane extract until the yellow color persisted. Excess diazomethane and 
solvent was removed under a nitrogen ebullition. The crude methyl ester was purified by column 
chromatography using ethyl acetate : hexane (3:7)as eluant. The pure ester was obtained as a clear oil 
(2.05 g) in 94% yield. 1H NMR (CDCI 3 ) 7.26 ( br m. 6H. C 6 H 5 ). 4.31 (br m. 2H. CH 2 OH) t 3.78 (s. 3H. O- 

2s CH 3 ).1.46 (s. 9H. t-butyl). 0.90 (t. 3H. CH 3 ); MS m/e (M + H)* 380. ■ . . 



Example 161 



JO 

Methyl 3-Aza-3-(tert-butoxycarbonyl)-2(S)-butyl>4(SH4-methoxymethoxypiperidinocarbonyl)-5-phenyl- pentanoate 



35 The hydroxy ester from example 8 ( 600 mg, 1.58 mmol) in dichloromethane is added to a solution of 

oxalyl chloride (152 mcL) and DMSO (0.27 mL) at -25 °C. After stirring for 15 min, triethylamine (1.1 mL) 
was added and the reaction stirred to room temperature. The crude aldehyde was obtained as a yellow oil 
and directly oxidized to the carboxyiic acid using the procedure of Masmune et at. (Tetrahedron Letters 
1986. 27. 4537) gives the carboxyiic acid. The crude acid couples witrvthe amine from example 82a using 

~o the procedure in example 93 to give the product. 



Example 162 

Methyl 3-Aza-3-(tert-butoxycarbonyl)-2(S)'(prop-2-en-l>yl)-4(S)-morpholinocarbonyl-5-phenylpentanoate 



The lactone from example 6 ( 520 mg. 1.5 mmol) was hydrolyzed using the procedure in example 8 to 
give the hydroxy ester which was oxidized in 1.6 mL of DMF with 1.5 g of PDC. Standard workup gave the 
crude acid. Coupling of the crude acid with 0.6 mL morpholine. 318 mg HOBT. 450 mg EDC HCI in 5 mL 
DMF at -20 °C to room temperature over 18 h gave the amide. Mass Spectrum: (M + H) - 447. 



55 

Example 163 
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3-Aza-2f S)-f prop-2-en- 1 •yl)-4(S)-morphoiinocarbonyl-5-phenylpentanoic acid amide of 2(S)-amino-i -cyciohexyi-3- 

(R),4(S)-dihydroxy-6-methylheptane ~~ * 



5 The ester from example 10 ( 90 mg) was hydrolyzed using 50 mg LiOH in 2.5 mL of ,1.5:1 (dioxane: 

water) at room temperature for 2 days gave 67 mg of the crude acid which was coupled with 2(S)-amino- 1 - 
cyclohexyl-3(R).4(S)-dthydroxy-6-methylheptane using the procedure in example 93 gave the Boc amide 
whtch was purified by silica gel chromatography. The Boc amide was stirred in TFA: dichloromethane (1:1) 
for 24h. The solvents were removed under reduced pressure, the residue made basic with saturated sodium 

to bicarbonate and the free base extracted with dichloromethane. The product was purified by preparative JLC 
using 4:1 ethyl acetate:hexane. Concentration "of the . solvent gave the product as a white solid. Mass 
— Spectrum: (M + H)*-= 558- - - - - - • . • - - • -. - - - - - • : 



'5 • Example 164 



' 2fS)-f 1 (S)-(4-Methoxymethoxypiperidin-1 -yl carbonyi)>2'phenylethoxy)hexanioc acic amide- of 5-ammo-6- 

cyclohexyl-4-hydroxy-1-isopropyisulfonyl-2*methylhexane' ~ ~ ' ' 



Using the acid from example 83. 5-amino-6-cyclohexyl-4-hydroxy-l -isopropylsulfonyl-2-methylhexane 
(Tetrahedron Letters 1989. 30, 2653) and the procedure from example 93 gives the desired product. 

25 ' ' - . * 

. Example 165 

30 ;_■ ' 

2(S)-(1(S)-<4-Methoxymethoxypiperidin-r-yl carbonyl)-2-phenylethoxy)hexanioc acic amide of 5-amino-6- 
cyclohexy l-4-hydroxy- 1 -isopropylsuifonyl-2-tsopropyihexane ' ' " " • 



Using the acid from example 83. 5-amino-6-cyciohexyl-4-hydroxy-1 -isopropylsuifonyl-2-isopropylhexane 
{European Patent Application No. EP0273893. published July 6. 1988) and the procedure from example 93 
gives the desired product. • 



Example 166 



2(SHUSH4-Methoxymethoxypioeridin-i-yl carbonyl)-2-phenyiethoxy)hexanioc acic amide of isopropyl 3-ammo- 
" 5 4-cyc!Ohexyi-2-hyaroxybutrate' ' ' 



Using the acid from example 83. 3-ammo-4-cyclohexyl-2-hydroxy-butyrate (Japanese Patent Application 
No. JP63275552. published November 14, \ 988) ana the procedure from example 93 gives the desired 
so product. 



Example 1 67 

.55 ' 

2fSHl(SH4-Methoxymethoxypipendin-l-yl carbonyi)-2-phenylethoxy)hexanioc acic amide of N-<2-Mor- 
. 'phoiinoetnyi)4-Amino-5"Cyclohexyi-3»hycroxypentamioe ~ 
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Using the acid from example 83. N-(2-morpholinoethyl) 4-amino-5-cyclohexyl-3-hydroxypentamide 
(Japanese Patent Application No. JP62246546A, published October 27. 1987: European Patent Application 
No. EP0274259. published July 13. 1988) prepared from BocACHPA amide of 2-morpholinoethylamme by 
acid treatment, and the procedure from example 93 gives the desired product. 



Example 168 



to 



J5 



2( S)-f1(S)-(4-Methoxymethoxyptpendin-1-yl carbonyi)-2-phenylethoxy)hexanioc acic amide of 6-Amino-7- 
'• " cyciohexy l-5»hydroxy-3-«sopropyl' 1 -heptene 

Using the acid from example 83. 6-am.no-7-cyclohexyl-5-hydroxy-3-isopropyi-l -heptene (European 
Patent Application No. EP0310918. published April 12. 1989) and the procedure from example 93 gives the 
desired product. 

20 

■ Example 169 



25 

2{SH1(SH4-Methoxymethoxypipehdin-1-yl carbony1)-2-phenylethoxy)hexanioc acic amide of N-isobutyl 4-amino- 
" ' 5-cycl ohexyl-2.2'difluoro-3-hydroxypentamide 

30 Using the acid from example 83, N-isobutyl 4-amino-5-cyclohexyl-2.2-difluor-3-hydroxypentamide. pre- 

pared from Boc cyciomethylalinal according to the procedure of Thaisrivong (J. Med. Chem. 1986. 29. 
2080; see also U.S. Patent No. 4.857.507, issued August 15, 1989. example 69), and the procedure from 
example 93 gives the desired product. 



35 



Example 170 



40 2(SH T(S)-(4-Methoxymethoxypioeridin-1-yl carbonylV2-phenylethoxy)hexanioc acic amide of 4-amino-5- 
cycl onexyi-2.2'difluoro-3-hydroxy-l-tsopropyimercapto-1-pentane 

Using the acid -from example 83, 4-amino-5-cyclohexyl-2,2-difluor-3-hydroxy-1-isopropylmercapto-l - 
^5 pentane. prepared from the oxazolidinone (U.S. Patent No. 4.857.507, issued August 15. 1989. example 74. 
according to the procedure of example 76 in U.S. Patent No. 4.857.507. issuea August .15. 1989). and the 
procedure from example 93 gives the desired product. 

50 Example 171 



2(S)-(l(S)-(4-Methoxymethoxypiperidin-l-yl carbonyl)-2-phenylethoxy)hexanioc acic amide of 4-amino-5- 
55 cycionexyl-2.2-dif)u67o"-3-hydroxy-i-isopropyisulfonyi-i -pentane 

To the resultant compound from example 36 (10 mmol) in 5 mL of CH 2 C! 2 is added 30 mmol of m- 
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chloroperbenzoic acid. Standard workup and chromatography on silica gel gives the title compound. 

Example 172 - . 

Ethyl 4(S)-((t-butyloxycarbonyl)am l no).5-cycloh ex yl^.2-difluoro-3(R.S)-hy.droxypentanoate. 

To a suspension of 1.2 g (17 mmole) of activated zinc in 5 ml of tetrahydrofuran under argon ma 
-son.catmg bam was added slowly a solution of 1.7 g (6.8 mmole) of Boc-L-cyciohexylalanina, and 2 34 ml 
(18.4 mmole) of ethyl bromodifluoroacetate m 30 ml of tetrahydrofuran. After complete addition, the solution 
wa ^soi!,cate^^^ and . extracted .^ ith . 
d.chloromethane (3 X 100 ml), dried with N aj SO.. filtered and concentrated m vacuo. The residual oil was 
punned by s.lica gel column chromatography (15-30% ethyl acetate in hexane) to give 1 22 q (75%) of two 
diasteromers. 

3(R) diastereomer: -H NMR (QDCI, 5 1.37,(t.3H, J = 7.0 Hz). 1.46 (S.9H), 4.35 (q.2H. J = 7.0 Hz), m.p. 73- 
Anal. (C, 3 H 3 ,NPsF 2 )C.H.N. . / . 

3(S) diastereomer: H NMR (CDCIjj & 1 .37 (t;3K J = 7.5 Hz). 1 .45 (S.9H), 4.31 (q,2H. J = 7.5 Hz); m.p. 115*- 
Anal. (C IS H 3 ,NOsF 2 )C.H.N. 

. • •• Example 173 . 



2-Oxazoiidinone djnyative of Ethyl 4(S)-amino-5-cyclohexy|.2.2-diflu6ro-3(R)-hydroxypentanoate. 

To 50 rhg of the 3(R) isomer from Example 172 wasadded 1ml of 4 M HCI in- dioxane. The solution 
was s irred at RT for 30 mm. The concentrated residue was dissolved in dichloromethane and treated w.th 
0.1 ml of tnethylam.ne and excess phosgene in toluene (10% solution). After stirring at RT for 1 hr the 
crude product was purified by silica gel column chromatography (10% ethyl acetate in hexane) to give 32 

u f'^c^^- !H NMR (CDC,3) 5 138 < t ' 3H " J = 7 H2 >' 408 (m.1H). 4.38 (q. 2H. J = 7 Hz). 4.58 
(ddd.1H. J = 4.5.6.0. 15 Hz), 6.05 (br. S.1H). 

Anal. (C iHaiNOtFjJC.H.N. 



Example 1 74 



2-Oxazolidinone derivative of Ethyl 4(S)-amino.5-cyclohexy|.2.2-difluoro:3.(S)hydroxypentanoate. 

Using the same procedure as in Example; 173. and usmg the 3(S) isomer from Example 1 as the 
starting e material provided the desired product 'H NMR (CDCI3) 5 1.38 (t.3H.J=7.5 Hz). 4.28 (ddd 1H 
J = 3.7.5.12 Hz). 4.38 (q.2H. J = 7.5 Hz). 5.02 (ddd.1 H.J = 6.9.19.5 Hz).'5.63 (br S 1H) ' ' 

Anal. (CiHjMNOtF^C.H.N. • ' 



Example 175 
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4fS)-cyclohexylmethyl-5fR)'f4'(4\4'-difluoro-3''Oxo-2 , -methyl-buthyl))-2'Oxazoiidinone. 



' The hydrolysis of 2.5 g of the product in Example 174 by lithium hydroxide in aqueous methanol 
provided 2.3 g of the corresponding carboxylic acid. The acid was dissolved in 40 ml of THF and cooled to 
-78* C. To the vigorously stirred solution was added 18 ml of isopropyi lithium solution in pentane (12.4% 
by wt.). After 30 min. the solution was slowly warmed to 0*C and stirred for an additional 30 mm. The 
reaction was carefully quenched with water and extracted with ethyl acetate (3 X 100 ml), dned and 
roncentrated in vacuo. The crude product was purified by silica gel column chromatography (20% ethyl 
acetate in hexane) to give 1.36 g of desired product. H NMR (CDCb) 5 1.20 (t.6H. J =6.3 Hz). 3.17 (d of 
heptet. 1H. J = 1.8,6.6 Hz). 4.06 (m.lH). 4.62 (ddd.lH, J = 4.5.6.0.20.4 Hz), 5.63 (br S.1H). Anal. 
(C. 4 H23N0 3 F 2 )C.H.N. 

Example 176 



4fS)-cy clohexylmethyl-5(R)-(4 , -(4\4'-difluoro-3(R.S)hydroxy-2'-methyibutyi))-2-oxazolidinone. 

To the product of Example 175 (1.0 g. 3.4 mmote) in 20 ml of methanol at 0* C was added 125 mg of 
sodium borohydride. After 10 min the reaction was quenched by addition of excess acetone. The solution 
was concentrated and the residual oil was dissolved in ethyl acetate and washed with brine. The aqueous 
layer was extracted with ethyl acetate (2 X 50 ml). The combined ethyl acetate solution was dried with 
MgSOd and concentrated to give a mixture of 3(R) and 3 (S) diastereomers. 

3(R) isomer: • H NMR (CDCb): 5 1.04 (t.6H, J = 7.5 Hz). 2.12 (m.lH). 3.82 (m,1H), 4.10 (m.1H), 4.63 (dd.lH. 
J = 4.5.22.5 Hz). 5.38 (br S.1H). 
Anal. (C 1t H 2 cN03F 2 )C.H.N. 

3'(S) isomer: : H NMR (CDCb): 5 1.01 (d.3H, J = 6Hz). 1 .07 (d,3H. J = 2.10 (mJH), 3.80 (m.lH). 4.15 (m.lH). 
4.40 (td. 1H. J-6.15.5 Hz). 5:62 (br S.1H). 
Anal. (Ci 4 H 2 5N03F 2 )C,H.N. 

Example 177 



2fS)-B enzyloxycarbonylamino-1-cyciohexyl-4,4-difluoro-3(R).5(R)-dihydroxy6-methylheotane. 

To a solution of 0.9 g (3.0 mmole) of the 3'(R) isomer in Example 176 in 50 ml of dioxane and water 
as added 1.05 g (2.1 eq) of barium hydroxide hydrate. The reaction mixture was heated to reflux for 18 nr. 
and cooled to RT and filtered. The filtrate was concentrated in vacuo and the crude product Was dissolved 
in 50 ml of dichloromethane and 1 .0 g of N-(benzyloxycarbonyloxy)succinimide was added. After 1 hr. at 
RT the solution was washed with satd. NaHCCh and extracted with dichloromethane (3 X 50 ml), dried w.th 
Na 2 S04 and filtered. The filtrate was concentrated in vacuo to give a pale yellow oil which was purified by 
silica gel column chromatography (10% EtOAc in CH 2 CI 2 ) to give 900 mg of the desired product. H NMR 
(CDCI 3 ) 5 1.01 (d,3H, J=5Hz). 1.03 (d,3H, J = 5Hz). 2.07 (m.1H), 2.42 (br d.lH), 3.70^3.95 (m.3H). 4.07 
(m.1H). 5.02 (br d.lH), 5. 11 (S.2H), 7.30-7,36 (m.5H). 
Anal. (C 22 H33NCUF 2 )C.H.N. 



w 



Example 178 



2(S)»Amino-l-cyclohexyl-4.4-difluQro-3(RV5(R)'dihydroxy6-methylheotane. 
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A solution of 700' mg of the product from Example 177 in 10 ml of methanol was stirred vigorously 
under a hydrogen atmosphere using 1 0% . Pd/'C as catalyst. After 30 min. the catalyst was filtered off and 
5 the solution concentrated to give 470 mg the desired product. Mass spectrum: M * = .279. 

Example 179 

io ' ' • 

2($)-{4(SH4-(Methoxymet^^^ acid Amide of (2(S) i Amino-l- • 

cyclohexyl-4.4>difluoro-3(R),5(R)-dihydroxy-6-methylheptane.' ■ 



is 



20 



Using the procedure of Example 93. but replacing' the resultant glycol of Example 41 with the resultant 
product of Example 178. gave the desired, product. 

: H NMR (CDCI 3 . TMS) 6 0.9 (bt.VH). 1.02 <dd.6H), 2.92 (m,2H), 3.37 (s.3H). 4.46 (dd,1H), 4.67 (s.2H). 
odd. 1H), 7.32 (m,5H) Mass spectrum: (M + H)* = 669. 



6.0 (odd 



* - Example ' 180 ' \. < ' •• - 

2fSHlfS)-(4-fMethoxymethoxy)ptpehdinTl-yl*carbamoyl)-2»phenylethoxy)hexanoic acid Amide of 4(S)-Amino-5- 

(S)-hydroxy-2*methyl-6-f2(S)-methylcarbonyi)hexane/ . ' "~~ 

30 Using the procedure of Example '93. but replacing the resultant glycol of Example-41 with 4(S)-Amino-5- 

- (S)-hydroxy-2-methyl-6-(2(S)-methylcarbamoyl)hexane (Buhlmayer, et.al.. U.S. Patent No. 4,727.060. issued 
. February 23. 1 988) gave the desired product. 

•H NMR (CDCi 3 . TMS) 6 0.84 (m.l5H), 2.2 (m.2H), 3.36 <s.3H), 3.77 (tJH), 3.9 (bt.lH). 4 53 (bdd.1H), 
4.66 (s,2H), 6.08 (bdd, 1 H), 6.28 (bm.iH), 7.28 (m.5H). Mass spectrum: (M + H)* = 634. 



35 



.Example 1 81 



40 ' , 

N-(1fS)-{4-(Methoxymethoxy)pipendin-l-yl-carbonyl)-2-phenyi-L-norleucyl Amide of 5<S)-Amirio-6-cyciohexyl-4- 
(R)>hydroxy-2-isopropylhexanoyt)-LMSOleucyl)-2-pyrid'yimeth yIamine. ~~ ~~ — 

45 Using- the -procedure .of Example 105. but replacing the resultant product of Example 41 with 5(S)- 

Amino-6-cyclohexyl-4(R)-hydroxy;2-isopropylhexanoyl)-L-isoleucyl)-2-pyridylmethylamine (PCT Patent Ap- 
plication No. WO87/02986. published May 21. 1987), gave the desired product. 

'H NMR (CDCI3. TMS) 5 0.9 (m.l5H), 1.1-1.6 (m,29H). 3 (s.3H), 4.55 (d.2H). 7.4' (m.TOH). Mass 
spectrum: (M + H)* = 864. 

so * ' . 

s Example 182 

55 

2(R)-Butyl-4(R).f4-(;Methoxymethoxy)piperidin-1»yl-sulfonyl)-5-ohenylpentanoic acid Amide of 3-<4-morohoiinyl)- 



propyl-5(S)-ammo-6*cyclohexyl-4<S)-hygroxy-2fS)-tsopropyl hexanamiae. 
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The title comoound can be prepared according to the procedure of Scheme XIV in which R, is 4- 
(methoxymethoxy)piperidin-i-yl. R, is phenyl. R 3 is n-butyl and O is the deprotected resultant proauct of 

Example 1 15. , . 

The compounds of the present invention can be used in the form of salts derived from morgamc or 
5 organic acids These salts include but are not limited to the following: acetate, adipate. alginate, citrate, 
aspartate benzoate. benzenesulfonate. bisulfate. butyrate. camphorate. camphorsuifonate. digluconate. 
cyctopentanepropionate. dodecylsulfate. ethanesulfonate. glucoheptonate. glycerophosphate, hem.suifate. 
heptonate. hexanoate. fumarate. hydrochloride, hydrobromide. hydroiodide. 2-hydroxy-ethanesulfonate. lac- 
tate maleate methanesulfonate. nicotinate. 2-naphthaienesulfonate. oxalate, pamoate, pectinate, persulfate. 
,o 3-phenylpropionate. picrate. pivalate. propionate, succinate, tartrate, thiocyanate. tosylate. and undecanoate. 
Also the basic nitrogen-containing groups can be quaternized with such agents as loweralkyl hahdes. sucn 
as methyl ethyl propyl, and butyl chloride, bromides, and iodides: dialkyl sulfates like dimethyl, diethyl, 
dibutyl and diamyl sulfates, long chain halides such as decyl. lauryl, myristyl and stearyl chlorides, 
bromides and iodides, aralkyl halides like benzyl and phenethyl bromides, and others. Water or oil-soluble 
>5 or dispersibie products are thereby obtained. 

Examples of acids which may be employed to form pharmaceutical^ acceptable acid addition salts 
include such inorganic acids as hydrochloric acid, sulphuric acid and phosphoric acid and such organic 
acids as oxalic acid, maleic acid, succinic acid and citric acid. Other salts include salts with alkali metais or 
alkaline earth metals, such as sodium, potassium, calcium or magnesium or with organic bases. 
20 The compounds of the present invention can also be used in the form of prodrugs which include esters. 

Examples of such esters include a hydroxyl-substituted compound of formula (D which has been acyiated 
w.th a blocked or unblocked amino acid residue, a phosphate function, or a hemisuccinate residue. The 
amino acid esters of particular interest are glycine and lysine; however, other ammo acid residues can also 
be used Other esters include the compounds of formula (1) wherein a carboxylic acid group has been 
25 estenfied to prov.de esters which include, but are not limited to. methyl, ethyl or benzyl esters. These 
esters serve as prodrugs of the compounds, of the present invention and serve to increase the solubility of 
these substances in the gastrointestinal tract. The prodrugs are metabolically converted in vivo to the:parent 
compound of formula (1). The preparation of the pro-drug esters is carried out by reacting a hydroxyl- 
substituted compound of formula (1) with an activated amino acyl, phosphoryl or hem.succ.nyl derivative. 
30 The resulting product is then deprotected to provide the desired prodrug ester. Prodrugs which are esters 
of carboxylic acid group containing compounds of formula (1) are prepared by methods known ,n the art. 

The novel compounds of the present invention possess an excellent degree of activity and specificity m 
treating hypertension in a host. The hovel compounds of the present invention are also useful for treating 
congestive heart failure. The ability of the compounds of the invention to inhibit human renal renin can be 
35 demonstrated in vitro by reacting a selected compound at varied concentrations with human renal renin, 
free from acid Proteolytic activity, and with renin substrate (human angiotensmogen) at 37 degrees C and 
pH of 6.0. At the end of the incubation, the amount of angiotensin I formed is measured by radioimmunoas- 
say and the molar concentration required to cause. 50% inhibition, expressed as the lC i3 is calculated. 
When tested in accordance with the foregoing procedure, the compounds of the invention demonstrated 
■io ICso's in the range of id -7 to 10~* M as seen m Table I. 



so 
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• Table I 



Example 


IG;c(nM) 


69 


9.0 


87 


5;5 


88 


12 


89 


15 


91 


3.9 


93 


1.1 . 


94 . 


1.3 


• 96 - 


• 1:5 ' 


108 


0.87 


_ jxe 


_1..3_, ^ 


117 . 


2.5 


118 .' 


0.84 


119 


'3.0 


120 


2.0 


122 


.2.5 


129 


2.7 


130 


1.4 


IO 1 


u.oo 


132 


3.2 


136/ : 


1.4 . 


139 


2.7 


142 


1.3 


179* , 


4.6 


180 


3.8 


181 


• 1.8 



The ability of ■ the' compounds of the invention to decrease blood pressure and plasma renin activity in 
vivo can be determined using the following method. ~ 

35 • . 

in Vivo Activity ' ' . - - - 



Male cynomolgous monkeys housed under constant temperature and lighting conditions and weighing 
3-5 kg were instrumented with chronic indwelling arterial and venous catheters. Following pretreatment by 
salt-depletion, the monkeys were dosed by nasogastric tube with 3 mg/kg of the compound of Example 
118. The results'with two monkeys are shown. in Table II. 



so 
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Table II 



Effect of the Compound of Example 118 on Blood 


Pressure (BP, mmHg) and Plasma Renin Activity 


(PRA. ng/ml/hr) in Two Salt Depleted Monkeys 




Following Oral Dosing (3 mg/kg) 




Time 


Monkey i 


Monkey 2 


Mean 


(min) 
















BP 


PRA 


BP 


PRA 


BP 


PRA 


0 


107 


29.1 


120 


18.7 


114 


23.9 


5 


112 


5.8 


121 


13.5 


117 


9.7 


15 


105 


0.1 


1 17 


2.9 


111 


1.5 


30 


113 


0.4 


1 10 


0.4 


112 


0.4 


45 


95 


0.0 


1 12 


0.3 


104 


0.2 


60 


102 


0.0 


115 


0.3 


109 


0.2 


90 


90 


0.0 


106 


0.0 


98 


0.0 


120 


84 


0.2 


103 


0.4 


94 


0.3 


180 


84 


0.2 


103 


0.4 


94 


0.3 


360 


94 


0.0 


103 


0.3 


99 


0.2 



These results indicate that the compound caused a decrease in blood pressure accompanied by 
suppression of PRA when administered orally. 

The compounds of the invention may also be used with one or more antihypertensive agents selected 
from the group consisting of diuretics, and/or ^-adrenergic blocking agents, central nervous system -acting 
agents, adrenergic neuron blocking agents, vasodilators, angiotensin I converting enzyme inhibitors, and 
other antihypertensive agents. 

Total daily dose administered to a host in single or divided doses may be in amounts, for example, 
from 0.001 to 10 mg/kg body weight daily and more usually 0.01 to 10 mg. Dosage unit compositions may 
contain such amounts of submulttples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated and the particular mode of administration. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age, body weight, general 
health, sex. diet, time of administration, route of administration, rate of excretion, drug combination, and the 
severity of the particular disease undergoing therapy. 

The compounds of the present invention" may be administered orally, parenterally. by inhalation spray, 
rectaily. or topically in dosage unit formulations containing conventional nontoxic pharmaceutical^ accept- 
able carriers, adjuvants, and vehicles as desired. Topical administration may also involve the use of 
transdermal administration such as transdermal patches or iontophoresis devices. The term parenteral as 
used herein includes subcutaneous injections, intravenous, intramuscular, intrasternal injection, or infusion 
techniques. 

Injectable preparations, for example, sterile injectable aqueous or oleagenous suspensions may be 
formulated according to the known art using suitable dispersing or wetting agents and suspending agents. 
The sterile injectable preparation may also be sterile injectable solution or suspension in a nontox.c 
parenterally acceptable diluent or solvent, for example, as a solution in 1 ,3-butanediol. Among the 
acceptable vehicles and solvents that may be employed are water. Ringer's solution, and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventinally employed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be employed including synthetic mono- or diglycendes. 
In addition, fatty acids such as oleic acid find use in the preparation of injectables. 

Suppositories for rectal administration of the drug can be prepared by mixing the drug with a suitable 
nonirritating exctpient such as cocoa butter and polyethylene glycols which are solid at ordinary tempera- 
tures but liquid at the rectal temperature and will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, powders, and granules, 
in such solid dosage forms, the active compound may be admixed with at least one inert diluent such as 
sucrose lactose or starch. Such dosage forms may also comprise, as is normal practice, additional 
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substances other than inert diluents, e.g.. lubricating agents such as magnesium stearate. in the case of 
capsuies. tablets, and pills, the dosage forms may aiso comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration 'may - include pharmaceutical acceptable emulsions, 
5 . solutions, suspensions, syrups, and elixirs containing inert diluents commonly used in the art. such as 
water. Such compositions may also comprise adjuvants, such as wetting agents, emulsifying and- suspend- 
ing agents, and sweetening, flavoring, and perfuming agents. 

The present invention aiso relates to the use of novel compounds, pharmaceutical compositions 
containing the novel compounds and the use of the compounds and compositions to inhibit renin for 
w treating glaucoma or reducing and/or controlling intraocular pressure. The present invention aiso relates to 
the use of novel compounds and pharmaceutical compositions which inhibit renin in combination with a 
beta-adrenergic antagonist agent" or an angiotensin converting enzyme inhibiting compound for treating 
glaucoma or reducing andor controlling intraocular pressure. 

~ „^ The present invention also relates to pharmaceutical compositions, for^treating the increaseJnJntr.ao.cular^ 

is pressure associated with the administration of steroidal- antiinflammatory agents comprising- novel renin 
inhibiting compounds in combination with a steroidal antiinflammatory compound in a pharmaceutical^ 
acceptable vehicle. „ • 

The present invention also relates to a kit comprising in individual containers in a single package a 
novel, renin inhibiting compound in a suitable pharmaceutical vehicle and a steroidal antiinflammatory 
20 compound in a suitable pharmaceutical vehicle and/or a beta-adrenergic antagonist agent in a suitable 
pharmaceutical vehicle or an angiotensin converting enzyme inhibiting compound in a suitable pharmaceuti- 
cal vehicle/ - - - - - * " ; 

. The compositions of the invention are administered as topical or systemic pharmaceutical compositions 
when used for treating or reducing and/or controlling intraocular pressure. 
25 These compositions are preferably administered as topical pharmaceutical compositions suitable for 

ophthalmic administration, in a pharmaceutical^ acceptable vehicle such as pharmaceutical^ acceptable 
sterile aqueous or nonaqueous solutions, suspensions, emulsions, ointments and solid inserts-. 

Examples of suitable pharmaceutically acceptable vehicles for ophthalmic administration are water, 
propylene glycol and other pharmaceutically acceptable alcohols, sesame or peanut oil and other phar- 
30 maceutically acceptable vegetable, oiis, petroleum jelly, water soluble ophthalmologlcally acceptable non- 
toxic polymers such as methyl cellulose, carboxymethyl cellulose • salts, hydroxyethyl cellulose, hydrox— 
ypropyi cellulose; acrylates such as polyacrylic acid salts; ethylacrylates: polyacryiamides; natural products 
such as gelatin, alginates.- pectins, tragacanth, karaya. agar, acacia; starch derivatives such as starch 
acetate, hydroxyethyl starch ethers, hydroxypropyl starch; as well as other synthetic derivatives such as 
35 polyvinyl alcohol, polyvinyl- pyrrolidone. polyvinyl methyl ether, polyethylene oxide, carbopol and xantham 
gum; and mixtures of these polymers. Such compositions "may also contain adjuvants such as buffering, 
preserving, wetting, emulsifying, and dispersing agents. Suitabte preserving agents include antibacterial 
agents such as quaternary ammonium compounds, phenyimercuric salts, benzyl alcohol, phenyl ethanol: 
and antioxidants such as sodium metabisulfite. butylated hydroxyanisole and butylated hydroxytoluene. 
jo Suitable buffering agents include borate, acetate, gluconate and phosphate buffers. * 

The pharmaceutical ophthalmic compositions of the invention may also be in the form of a solid insert. 
A solid water soluble or water swellable polymer such as dextran, hydroxyioweralkyl dextran, carboxymethyl 
dextran, hydroxyioweralkyl cellulose, loweralkyl cellulose, carboxymethyl cellulose, polyvinyl alcohol, dex- 
trin, starch, polyvinyl pyrrolidone and polyalkylene glycols may be used as the carrier for the drug. 
45 Dosage levels of the active compound in the compositions for treating glaucoma or reducing and. or 

controlling intraocular pressure may be varied so as to obtain a desired therapeutic response to a particular 
composition. Generally, the active compound will be administered as an isotonic aqueous solution of from 
0.00001 to 1.0 (w/v) percent concentration. More preferably the active compound will be administered as an 
isotonic aqueous solution of from 0 00001 to 0.1 (w/v) percent concentration. 
• so The term "controlling intraocular pressure" as used herein means the regulation, attenuation and 

modulation of increased intraocular tension. The term also means that the decrease, in the otherwise 
elevated intraocular pressure, obtained by the methods and compositions of the invention is maintained for 
a significant period of time as. for example, between consecutive doses of the composition of the invention. 
The novel renin inhibiting compounds of the invention may be the only active ingredient for controlling 
55 intraocular pressure, in the methods and compositions of the invention or may be used in combination with 
other ingredients which control intraocular pressure such as beta-adrenergic antagonist compounds. The 
term "beta-adrenergic antagonist" as used herein means a compound which by binding to betaadrenergic 
plasma .membrane receptors reduces or eliminates sympathetic activity or blocks the effects of exoge- 
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nously adminstered catecholamines or adrenergic drugs. ■ Examples of beta-adrenergic antagonists are 
atenolol, metopropol. nadolol, propranolol, timolol, labetalol. betaxolol, carteotol and dilevafoi and phar- 
maceutically acceptable salts thereof. Most preferably the beta-adrenergic antagonist is timolol. 

Timolol is currently used for treating glaucoma or reducing and/or controlling intraocular pressure, but it 

s has a number of adverse side effects. Accordingly, administration of a composition comprising a combina- 
tion of a beta-adrenergic antagonist and a novel renin inhibiting compound of the invention could produce a 
reduction in intraocular pressure equivalent to that produced by a beta-adrenergic antagonist alone, but at a 
reduced dose level of the beta-adrenergic antagonist. This will result in a reduced level of the beta- 
adrenergic antagonist related adverse side effects. 

to The combination composition is administered as a single dosage form containing both the novel renin 

inhibitor and the beta-adrenergic antagonist. The beta adrenergic antagonist may comprise from 5 mg to 
about 125 mg of the composition of the invention. The preferred ranges of the components in the 
composition of the invention in unit dosage form are: 
Renin inhibitor: 1 ng to 0.1 mg 

/s Beta-adrenergic antagonist: 5 ug to 1 25 ug 

When the beta-adrenergic antagonist and the novel renin inhibitor are administered as separate 
compositions the present invention relates, to a kit comprising in two separate containers a pharmaceutically 
acceptable beta-adrenergic antagonist composition and a pharmaceutically acceptable novel renin inhibitor 
composition, in a single package. A preferred kit comprises a beta-adrenergic antagonist composition and a 

20 topical novel renin inhibitor composition. A most preferred kit comprises a topical ophthalmologicat beta- 
adrenergic antagonist composition and a topical ophthalmological novel renin inhibitor composition: 

The novel renin inhibiting compounds of the invention may also be administered in combination with an 
angiotensin converting enzyme (ACE) inhibiting compound. Examples of angiotensin converting enzyme 
inhibiting compounds are captopril and enalapril. As was previously mentioned, ACE inhibitors have some 

25 undesirable side effects. Accordingly, administration of an ACE inhibitor in combination with a renin inhibitor 
could produce a reduction in intraocular pressure greater than or equivalent to that of an ACE inhibitor 
alone, but at a reduced dose level of the ACE inhibitor. This will result in a reduced level of the ACE 
inhibitor related adverse side effects. - 

The combination composition is administered as a single dose form containing both the novel renin 

30 inhibitor and the angiotensin converting enzyme inhibitor. The ACE inhibitor may comprise from 5 ng to 
about 50 ug of the composition of the invention. The preferred ranges of the components in the composition 
of the invention in unit dosage form are: 

Renin inhibitor: 1 ng to 0.1 mg t - . ^ ■ 

ACE inhibitor: 5 ng to 50 ug * . - 

35 When the ACE inhibitor and the novel renin inhibitor are administered as separate compositions the 

present invention relates to a kit comprising in two separate containers a pharmaceutically acceptable ACE 
inhibitor composition and a pharmaceutically acceptable novel renin inhibitor composition, in a single 
package. A preferred kit comprises an ACE inhibitor composition and a topical novel, renin inhibitor 
composition. A most preferred kit comprises a topical ophthalmological ACE inhibitor composition ana a 

jo topical novel renin inhibitor composition. 

Dosage levels of the active compounds in the compositions of the invention may be varied so as to 
obtain a desired therapeutic response depending on the route of administration, severity of the disease and 
the response of the patient. 

Topical, ophthalmic and systemic administration of steroidal antiinflammatory agents can cause an 

J5 increase in intraocular pressure. The increase in intraocular pressure can be reduced by the administration 
of a novel renin inhibiting compound of the invention. Steroidal antiinflammatory agents include hydrocor- 
tisone, cortisone, prednisone, prednisolone, dexamethasone. methylprednisolone. triamcinolone, be- 
tamethasone, alclometasone. flunisoiide. beclomethasone. clorocortolone. diflorasone,. haicinonide. 
fluocinonide. ftuocinolone. desoximetasone. medrysone. paramethasone. and fluorometholone. and their 

so pharmaceutically acceptable salts and esters. Preferred steroidal antiinflammatory agents are hydrocor- 
tisone, prednisolone, dexamethasone, medrysone and fluorometholone and their pharmaceutically accept- 
able salts and esters. The novel renin inhibitor is administered after use of a steroidal antiinflammatory 
agent or at the same time, causing reduction and/or control of intraocular pressure. 

Various combinations of a topical or oral or injectible dosage "form of a steroidal antiinflammatory agent 

55 and a topical or oral dosage form of the novel renin inhibitor may be used. A preferred combination 
comprises a topical steroidal antiinflammatory and a topical novel renin inhibitor. More preferred is a topical 
ophthalmic dosage form comprising both a steroidal antiinflammatory and a novel renin inhibitor. 

When the steroidal antiinflammatory agent and the novel renin inhibitor are administered as separate 
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compositions the present invention, relates to a kit comprising in two separate containers a pharmaceutical^, 
acceptable' steroidal antiinflammatory agent composition and a pharmaceuticaily acceptable novel renin 
inhibitor composition, in a single package. A preferred kit comprises a steroidal antiinflammatory composi- 
tion ' and a topical novel renin' inhibitor composition. A most preferred kit comprises l a topical oph- 
5 thamoiogical steroidal antiinflammatory composition and a topical ophthamological novel renin inhibitor 
composition. ■ ' . •' • • • 

The combination composition of the invention may contain from about 0.00001 to 1.0 (wv) percent of 
■ the novel renin inhibitor for combined or separate topical administration. More preferably the amount of the 
novel renin inhibitor is about 0.00001 to 0.1 (w/v) percent of the. composition. The amount of the novel renin 
io inhibitor in a unit dosage form for topical administration to the eye is from about 5 ng to' about . 0.5 mg, 
preferably from about 5 ng to about 25 ng. The dose required will depend on the^ potency of the. particular 
'novel renin "inhibitor. ~the severity of the intraocular pressure increase and the~ response of the Individual 
patient. - -. 

-The-cornbination composition-oMhe-invention -may contain- from-about^ 0.05 to-l 75-(w v)-percent oMhe- 

.♦5 steroidal antiinflammatory for combined or separate topical administration. The amount of the steroidal 
antiinflammatory in a unit dosage form for topical administration to the eye is from about 20 ug to about 600 
ug. The dose required will depend on the potency of the particular steroidal antiinflammatory, the severity of 
the disease and the response of the individual patient. ~ 

When the steroidal antiinflammatory agent of the combination therapeutic method of the invention is 
20 ' administered other than ophthalmically, appropriate doses are well known in the art. 

The compositions of the invention may include othe'r therapeutic agents in addition to the novel renin 
inhibitor, and other agents which reduce and/or control intraocular pressure. ' 

The effect on intraocular pressure of the novel compounds of the invention can be determined in rabbits 
by using the following method. 

25 ' : ' ■ .. . 

■ E'fe ct s of Topically Administered Renin Inhibiting Compounds on Intraocular Pressure of Rabbits - 



30 

a. Method * " 

The antiglaucoma activity of the compounds was tested by measuring the effect on intraocular, pressure 
tn rabbits as descnbeo by Tinjum,. A.M.. Acta Ophthalmoiogica. 50. 677 (1972). Male albino. New Zealand 
35 rabbits were placed jn restraining devices and the Intraocular pressure was measured with an applamatic 
tonometer. Exactly 0.1 ml of an isotonic saline solution containing a test compound was instilled into the 
conjuctival sac and the intraocular pressure was measured at 5. 15. 30. 60. 90. 120 and 180 minutes 
afterwards. 

The present invention is also directed to the use of compounds of the formula I in combination with one 
-o or more antihypertensive agents independently selected from diuretics, adrenergic blocking agents, 
vasodilators, calcium channel blockers, angiotensin converting enzyme (ACE) inhibitors, potassium channel 
activators and other antihypertensive agents. - , - 

Representative diuretics include hydrochlorothiazide, .chlorothiazide, acetazolamide. amiloride. 
bumetanide. benzthiaziae. ethacrymc acid, furosemide. indacrinone. metolazone. " spironolactone, triam- 
J5 terene, chlorthalidone and the like or a pharmaceuticaily acceptable salt thereof. 

Representative adrenergic blocking agents include phentolamine: phenoxybenzamine. prazosin, 
terazosin, tblazine. atenolol, metoprolol. nadolol, propranolol, timolol, carteolol and the like or a pharmaceuti- 
cal^ acceptable sait thereof. 

Representative vasodilators include hydralazine,' minoxidil, diazoxide, nitroprusside and the like or a 
so pharmaceuticaily acceptable salt thereof. 

Representative calcium channel blockers include amrinone. bencyclahe, diltiazem, fendiline, flunanzine. ; 
nicardipine, nimodipine. perhexilene. verapamil,' galiopamii, nifedipine and the like or a pharmaceuticaily 
acceptable salt thereof. 

Representative ACE inhibitors include captopril. .enalapril, lisinopril and the like or a pharmaceuticaily 
55 acceptable' salt thereof. 

Representative potassium channel activators include pinacidii and the like or a pharmaceuticaily 
acceptable salt thereof. ' 

Other representative antihypertensive agents include sympatholytic agents such 'as methyidopa. 
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clonidine. guanabenz. reserpine and the like or a pharmaceuticaily acceptable salt thereof. 

Synergistic combinations of a compound of formula I with one or more of the above-mentioned 
antihypertensive agents are useful for the treatment of hypertension or congestive heart failure. 

The compound of formula I and the antihypertensive agent can be administered at the recommended 
maximum clinical dosage or at lower doses. Oosage levels of the active compounds in the compositions of 
the invention may be varied so as to obtain a desired therapeutic response depending on the route of 
administration, severity of the disease and the response of the patient. The combination can be admin- 
istered as separate compositions or as a single dosage form containing both agents. 

In addition, the present invention is directed to the use of a compound of formula I to inhibit retroviral 
proteases and in particular to inhibit HtV-1 protease and H1V-2 protease. Compounds of formula I are useful 
for treatment or propnylaxis of diseases caused by retroviruses, especially acquired immune deficiency 
syndrome or an HIV infection. 

The antiviral activity of compounds of the invention can be demonstrated using the following method. 
A mixture of 0.1 ml. (4 X 10 5 ceils/mi) of H9 cells and 0.1 ml (100 infectious units) of HIV-l 3B was 
5 incubated on a shaker for 2 h. The resulting culture was washed three times, resuspended into 2 ml of 
medium, and treated with 10 ul of the compound of the invention (5 mM in dimethylsulfoxide). The control 
culture was treated in an identical manner except the last step was omitted. After incubation of the culture 
for eight days without change of medium, an aliquot (0.1 ml) of the supernatent was withdrawn and 
incubated with fresh H9 cells on a shaker for 2 h. The resulting culture was washed three times, 
o resuspended into 2 ml of medium, and incubated. Virus infectivity was determined using the Abbott HTLV- 
III antigen E.I. A. method (Paul, et al.. J. Med. Virol.. 22 357 (1987)). 

The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
disclosed compounds. Variations and changes which are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are defined in the appended claims. 

25 

Claims 

1. A compound of the formula: 



O 



35 




wherein A is 
J ° (I) RrC(OWCH2)w- wherein 

1) w is 0 to 4 and 

2) Rs is 

1) hydroxy, 
ii) alkoxy, 

4 5 ui) thioalkoxy. 

iv) amino or 

v) substituted amino; 

(II) aikylsulfonyl, (aryl)sulfonyl or (heterocyclic)sulfonyt; 

(III) aryl. arylalkyl, heterocyclic or (heterocyclic)alfcyl; or 

50 (IV) R 9C - or Ra 3 NHC(0)- wherein R 9Q is a d to C* straight or branched carbon chain substituted by a 
substituent selected from 
» 1) carboxy. 

2) alkoxycarbonyl, . ^ .... • • 

3) aikylsulfonyl, 

55 4) aryl. - ' 

5) aryisulfonyl. 

6) heterocyclic or 

7) (heterocyclic)sulfonyl); 
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Ri is . ' , • ' 

(I) hydrogen, • 

(II) loweralkyl, 

(III) loweralkenyl, • — 
5 (IV) cycloalkylalkyl. 

(V) cycioalkenylalkyl, 

(VI) aryloxyalkyl, 

(VII!) thioaryloxyalkyl, " - ' 

(Villi) arylalkoxyalkyl, 

?o. (IX) arylthioalkoxyalkyl or _ • v 

(X) a to Ci straight or branched carbon chain substituted by, a substituent selected from 
1 j alkoxy, " " ' ' ' ~ ' - • " . ' ' 

2) thioalkoxy, * .' 

ts 6) heterocyclic; 

X is ' . 

(0 CH 2 , 1 - 

(II) CHOH, ' 
(Ml) C(O). 
20 (IV) NH, 
(V) o, 

(vi) s, . " ' " " ^ "' ■ ; 

. (VII) S(O), . / * 

(VIII) so 2 , - 

25 (IX) N(O) or " 
(X) -P(0)0-: 
R 3 is 

(I) loweralkyl, ... ■ 

(II) haloalkyl, 

30 (III) loweralkenyl, 

(IV) cycloalkylalkyl. 

(V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 

35 (VIII) (alkoxyalkoxy)alkyl, 

(IX) hydroxyalkyl. 

(X) -(CH 2 ) ee NHRi 2 
wherein 

1 ) ee is 1 to 3 and 
*o 2) R. 2 is 

i) hydrogen 

ii) loweralkyl or 

lii) an N-protectmg group; 

(XI) arylalkyl or 

45 (XII) (heterocycfic)alkyl; and 

T is a mimic of the Leu-Val cleavage site of angiotensthogen: 

or a pharmaceutical^ acceptable salt, ester or prodrug thereof. - 

2. The compound of Claim 1 wherein Ri is loweralkyl, benzyl, or phenethyl; X is O or NH; is 
loweralkyl; and T is 

50 
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70 



is 



20 



25 



30 



•*5 



therein FU is ioweraikyl or cycloalkyimethyl and D is 

(I) 




wherein R73 is Ioweraikyl, 

(ID 




Q 



wherein 

1 ) M is * 

1) O, 

ii) S or 

iii) NH: 

2) Q is 

i) O or 

ii) S: 

3) E is * 
i> O. 

ii) S. 

iii) CHR71 wherein R73 is Ioweraikyl, 

iv) C = CH 2 or 

v) NR13 wherein R13 is 

a) hydrogen, 

b) Ioweraikyl, 

c) hydroxyaikyl, 

d) hydroxy. 

e) alkoxy. 

f) amino or 

g) aikylamino: 
and 

4) G is 

i) absent. 

ii) CH 2 or 

iii) NR^ 3 wherein Rio is hydrogen or Ioweraikyl. 
with the proviso that when G is NR^, 

then R:g is Ioweraikyl or hydroxyaikyl; 

(III) 



•<CH 2 )v-C<0)- 



wherein 

1 ) v is 0 or 1 and 

2) R 2 . is 
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i) NH, 
n) O. 

tii) S or . . , 

iv) SO2; or - 

(IV) a substituted methylene group. 



3. A compound of the formula 



A 




0 



..wherein. AJs„„ . ' . - • . . . - • ' -,. • ; . 

(t) RsC(0)-(CH 2 ) w - wherein . 
1 j w is 0 to 4 and - 

2) R 5 is / . '. ' . •' . -. ' . ■ 

i) hydroxy, . * 

ii) alkoxy, 

iii) thioalkoxy, 1 .. . 
tv) ammo or 

v) substituted amino: ' y ~ " \ . •' • . ' *. L " ~ " *" " .- * ' ' 

(it) alkylsulfonyl, (aryl)sulfonyl or (heterocyclic)sulfonyl; ' 

(III) aryl, arylalkyl, heterocyclic or (heterocyclic)alkyl: or 

(IV) Rq 3 - or RgoNHC(O)- wherein Ra 0 - is a Ci to C* straight or branched carbon chain 
substituent selected from 

1 ) carboxy, 

2) alkoxycarbonyl, 

3) alkylsuifonyl, 

•*) aryl, . ' ' ' ' . ' ' / 

5) arylsulfonyl, . 

6) heterocyclic or 

7) (heterocyclic)sulfonyl); . " ■ - 
Rt is 

(I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyi, • : * 

(IV) cycioalkylaikyl. - . ■„ . . 

(V) cycloalkenylaikyl. . ' , 

(VI) aryloxyalkyl, - . ■ "■ 

(VII) thioaryloxyalkyl. ; 
(Villi) arylalkoxyalkyl. 

(IX) arylthioalkoxyalkyl or / 

(X) a Ci to C3 straight or branched carbon chain substituted by* -a substituent selected from 



1) atkoxy, 

2) thioalkoxy, 

3) aryl arid 

6) heterocyclic; 
X is 

(I) C.H 2i 

(II) CHOH, 
(ill) C(0), 

(IV) NH, 

(V) O, 

(VI) S. 

(VII) S(O). 

(VIII) S0 2 , 

(IX) N(0) or 
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(X) -P(0)O: 
Ro is 

(I) loweralkyi, 

(II) haioalkyl. 

(III) loweralkenyl. 

(IV) cycloalkylalkyi. 

(V) cycloalkenylalkyl. 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 

0 (Vlil) (alkoxyalkoxy)alkyl, 

(IX) hydroxyalkyl, 

(X) -(CH 2 ) ee NHR, 2 
wherein 

1 ) ee is 1 to 3 and 
5 2) R12 is 

i) hydrogen, 

ii) loweralkyi or 

iii) an N-protecting group; 

(XI) arylaikyl or 

20 (XII) (heterocyciic)alkyl: 
R* is 

(I) loweralkyi, 

(II) cycloalkylalkyi 

(III) cycioalkenyialkyl or 
25 (III) arylaikyl; and 

D is 

(I) 

30 / 

O 



35 wherein R73 is loweralkyi. 



(II) 

M 



wherein 

1) M is 
0 0. 

ii) S or 
5 ° iii) NH; 

2) Q is 

i) 0 or 

ii) S; - 

3) E is 
55 i) O, 

ii) S. 

iii) CHR71 wherein R73 is loweralkyi, 

iv) C = CH 2 or 
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v) NRig wherein R (S is 
a) hydrogen. 
. b) loweralkyl. 
c) hydroxyalkyi. • 
5 d) hydroxy. 

e) alkoxy. , 

f) ammo or 

g) alkylamtno; 
and 

JO 4) G is 

i) absent. „ 
• ii) CH 2 or " " - - ' - ■ " " 

iii) NR:« wherein Ri« is hydrogen or loweralkyl. 
-W)thJhe^provtso_that„when^G^is-NRi-g, then^Rt a^is ioweralkyLor^ hydroxyalkyi; 



?5 



25 



30 



35 



JO 



50 



55 



(III) 



•(CH 2 )vC(OHN 




wherein 

1) v is 0 or 1 and 

2) R 2 « is 

i) NH. 

ii) O, ■ • • 

iii) S or . • ' 

iv) S0 2 ; or • ' . 

(IV) a substituted methylene group; or' a pharmaceutical^ acceptable salt.. ester or prodrug thereof. 

4. The compound of Claim 3 wherein D is . 
(a) r CH(OH)CH 2 CH(CH 3 ) 2 . 

^ (b) 




M • E 
Q 



wherein M is O. S or NH; Q is O or S; E is O. S. C~CH 2t CHR73 wherein R73 is toweraikyl, or NR- 3 
wherein R13 is hydrogen, loweralkyl, hydroxyalkyi, hydroxy, alkoxy, amino or alkylamino; and G is absent, 
j 5 • CH2 or NR19 wherein R.a is hydrogen or loweralkyl. with the proviso that when G is NRt 9 , the R-3 is 
loweralkyl or hydroxyalkyi, or 

(C) -CH 2 CH(R2 2 )C(0)NHR 2 3 wherein R 22 ts loweralkyl and R23 is (heterocyclic)alkyl; and 
A is RsC(O)- wherein R 5 is selected from the group consisting of: 



I) 




wherein aa is 1 to 5 and R$ and R7 are independently selected from 
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1) hydrogen, 

2) hydroxy. 

3) alkoxy, 

4) thioaikoxy. 

5 5) alkoxyalkoxy, 

6) carboxy, 

7) aikoxycarbonyl. 

8) halogen. 

9) amino, 

io 10) atkylamino. 

1 1) dialkylamino. 

12) alkylsuifonylamino. 

13) aryisutfonylamino. 

14) alkylaminocarbonylamino. 
;s 15) atkyiaminocarbonyioxy, 

16) aikoxycarbonyloxy. 



20 



25 



17) 



(CH 2 ) dd 




30 



35 



wherein dd is 1 to 5. 
and 

18) Ra-Z- wherein - 

Z is O S or NH and R 8 is a Ci to C 6 straight or branched carbon chain substituted by a substituent 
selected from hydroxy, alkoxy, thioaikoxy, alkoxyalkoxy, amino, atkylamino. dialkylamino. carooxy. aikox- 
ycarbonyl, phenyl and substituted phenyl; 



ID 




N — 



wherein Rg is 

DO. , 

2) S. 

3) S0 2 or 
J5 4) C = 0; or 



50 




wherein R^o is 
55 1) hydrogen, 

2) loweralkyl, 

3) an N-protecting group or 

4) R--C(O)- wherein R. is aminoalkyl. (N-protected)aminoalkyl, 
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1-amino-2-phenylethyl or 

l-{N-protected)amino-2-phenylethyl. - 

5. A compound selected from the group consisting of: 

2f S)-( 1 (S)-{4-(methyoxymethoxy)piperidin- 1 -yl)carbonyl)-2-phenyiethoxyhexanoic acid amide of 3-(l -im- 
idazolyl)propyl 5(S)-amino-6-cyclohexyl-4(S)-hydroxy-2(S)-isopropyihexanamide; 

2(S)-(1 (S)-{4-(methyoxymethoxy)piperidin-l-yl)carbony))-2-phenylethoxyhexanoic acid amide of' 3- 
(dimethylamino)propyl 5(S)-amino-6-cyclohexyl-4{S)-hydroxy-2(S)-isopropyihexanamide; 
2(S)-( 1 (S)-(4-{methyoxymethoxy )pipendin- 1 -yl)carbonyl)-2-phenylethoxyhexanotc acid amide of 3-(4-mor- 
pholinyl)propyl 5(S)-amino-6-cyciohexyt-4(S)-hydroxy-2(S)-isopropythexanamide; 

N-(l(S)-(4-(Methoxymethoxy)piperidin-1-yl)carbonyl)-2-phenylethyl-L-norteucyl amide of 3-{1 -tmidazolyl)- 
propyl 5(S)-amino-6-cyclohexyl-4(S)-hydroxy-2(S)-isopropylhexanamide: and 

N-(1(S)-T4-(Methoxymethoxy)pipe^ amide" of 3-(4-morpholinyi)- T 

propyl 5{S)-amino-6-cyctohexyl-4(S)-hydroxy-2(S)-isopropylhexanamide: 

or_a_pharmaceutically-acceptable_salt.-ester_ ocprodrugahereof.. . , - _ 

6. 2(S)-{1 (S)-{4-{methyoxymethoxy)ptperidin-1-yl)carbonvl)-2-phenylethoxyhexanoic acid amide of 3-{4- 
morpholinyOpropyl 5(S)-amino-6-cyciohexy(-4(S)-hydroxy-2(S)-isopropyihexanamide; or a pharmaceuticaliy 
acceptable salt, ester or prodrug thereof. ■ 

7. A pharmaceutical composition for inhibiting renin, comprising a pharmaceutical carrier and a 
therapeutically effective amount of a compound of claim 1. 

8. A method for inhibiting renin comprising administering to a host in need of such "treatment a 
therapeutically effective amount of a compound of claim 1.* 

9: "A pharmaceutical composition for treating hypertension* or congestive heart faiiurercomprisingva" 
pharmaceutical carrier and- a therapeutically effective amount of a compound of claim 1. 

10. A method for treating hypertension or congestive heart failure comprising administering to a host in 
need of such treatment a therapeutically effective amount of a compound of claim 1 . - 

1 1 ..A compound of the formula: 

A is - 

(I) R5C(0)-{CH 2 )w- wherein 

1) w is 0 to 4 and 

2) R= is • . 

i) hydroxy. • 

ii) alkoxy . . 
Mi) thtoalkoxy, 

iv) amino or ' 

v) substituted amino: 

(II) aikyisuifonyl, (aryl)sulfonyl or (heterocyciic)sulfonyl; ■ 

(III) aryl, arylalkyl. heterocyclic or (heterocyciic)alkyl; or - 

(IV) Ro C - or RgoNHC(O)- wherein Rq 0 is a C to C* straight or branched carbon chain substituted by a 
substituent selected from 

1 ) carboxy. . 

2) alkoxycarbonyl, 

3) aikyisuifonyl, 

4) aryi, 

5) arylsulfonyl, 

6) heterocyclic or 

7) (heterocyclic)sulfonyl). 
Ri is 

(I) hydrogen. 

(II) loweralkyi, 

(III) loweralkenyl; 

(IV) cycioalkylalkyl, 
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(V) cycloalkenylatkyl. 

(VI) aryloxyalkyl, 

(VII) thioaryloxyalkyl. 
(Villi) arylalkoxyalkyi, 

5 (IX) arylthioalkoxyalkyl or 

(X) aC- to Ci straight or branched carbon chain substituted by a substituent selected from 

1) alkoxy. 

2) thioalkoxy. 

3) aryi and 

jo 6) heterocyclic. 
X is 

•(l)CH 2 . 
(II) CHOH. 
(HI) C(O), 
;s (IV) NH. 

(V) O. 

(VI) S. 

(VII) S(O). 

(VIII) so 2 , 
20 (IX) N(O) or 

(X) -P(0)0. 
R 3 is 

(I) loweralkyl. 

(II) haloalkyl. 

25 (111) loweralkenyl, 

(IV) cycioalkylalkyl, 

(V) cycloalkenylaikyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl. 

30 (VIII) (aikoxyaikoxy)aikyi, 

(IX) hydroxyalkyl, 

(X) -(CH 2 ) ee NHR..2 
wherein 

1) ee is 1 to 3 and 
35 2) Fh 2 is 

i) hydrogen, 

ii) loweralkyl or 

iii) an N-protecting group; 

(XI) arylalkyl or 

jo (XII) (heterocyclic)alkyl: 

or an acid halide or activated ester derivative thereof. 
12. A compound of the formula 



J5 



50 



Ri R 3 

wherein A is 4-methoxymethoxymorpholin-1-ylcarbonyl. Ri is arylalkyl, X is O. NH or S and R 3 is 
loweralkyl, cycioalkylalkyl arylalkyl or heterocyclic aikyl; or an acid halide or activated ester derivative 
thereof. 

13. A compound of the formula 



55 



O H 
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wherein A is 4-methoxymethoxymorpnoi"in-1 -yicarbonyl, R, is benzyl, X is O and R: is n-butyl; or an acid, 
hatide or activated ester derivative thereof. - ■ 

14.. A method for treating glaucoma or reducing and/or controlling intraocular presure, comprising 
administering to a. patient in need a therapeutically effective amount of a compound of Claim 1. . 

15. A method for inhibiting a retroviral protease, comprising administering to a patient in need a 
therapeutically effective amount of a compound of Claim 1. ' *■ 

16. A method for treating a -retroviral infection, comprising administering to a patient in neea a 
therapeutically effective amount of a compound of Claim i. 

17. A method for treating hypertension or congestive heart failure comprising administering to a host in 
need of such treatment a therapeutically effective amount of a compound of Claim 1 and another 
antihypertensive agent. * 

" 18: A pharmaceutical composition "for treating" hypertension or congestive "heart failure, comprising" a 
pharmaceutical earner and a therapeutically effective amount of a compound of claim 1 and .another 
^antihypertensive . agent— — ___„ l ' . . r / , ' . . 

♦ 19. A process for the preparation of the compound of Claim 1 comprising coupling a carboxylic acid of 
the formula 

. R i. : r-3 . : . / . . . . . 

or an acid halide or, an activated ester derivative thereof wherein A, Rj , X and Ri'are as defined herein with 
an amine represented by H-T wherein T is as defined herein. ' ""- ••• - : / 

20- The process of Claim 18 wherein H-T is. 
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